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jd' ilj£> jt jJ l y &1 Ju« JUyi &ydl w-#- £ i 

*U-J ^ UoaUj 41^- JT j# jl j*s«*U <J*ba tUf U <JH 
btr jjb#. 4ri>i ^ jfa u ^ijW jj* JjW 

JlijJ L»>U Cr-^l 4 m#- * OlijJl 4*» ^£Uft jkU jjiaj 
• jij>.f J* W-* *>)jr~. >/£ J& i>/» &W-1/> 
jjjj^oai rfj! s3i jjiiaiut 
-UJ. u i ji *j*> jp ^ u a*kc iu^ iT y iju- j! 0 jS^t 

Ji jSW ijx j-jM jj djh <j jibSwT tpl 

^iJL* Jjb J ^ 4-j^yb jfj-i jiljl C< y*\k 

jj£li j««JL aa-u# a**-^ jA ji^-' aiL* j^ta ^ ^ *j*aH a*^ 
. l»j» fUr^s as> a*j» mli ^Lbj jjia ^ ur 

jv>y auu bjS* i^ki £>j ^ J& JjW -UJ 

*1 jS» CrfjUi * i)jU LU j>Jj iiUil 4kUb iljL 

W y # <^-Ul ^ f Ci y a)L> J tjbf ' p£ nUI . d*-jdUJ 

ijJ# gklU T I 4 J ablM ci^teU$ c*| 2 l lij "^ 5 * 

<^u J) ^j-aAJI jdky Jfi • a y0l i y**j #*UtJI 

. fid J1 gb-p- 4it ft jj» 



jj.ua ji- j] Jjiiy j.4i 

fbuWji JBjjUiVitiljUjJjJI 

V'' j> J* M» *» ‘ j i/tM 5Wj ^ <) 

4wts* wJ jJ& li» . JijWl nJUmJ* w)>> ^WU iU^a 

. 4*»*Ui>uy Ju4 

IJUk ^ id' ^ f jW J \Wjtf VHH ^ 

. ij>S$ Uu£« Ip jjtf 4 jdl ^a k jfr *J Alt; JlJ Jl' 





j y-AJ Oj£)l ^ jU)l i> j*** j£\ ^ Jj 

t|tf" J« » o jl ^Lt—» cJfl^ ^ •o*L*JDj . 4«i Oj^ll »^Iji ^JUl 
^j7 <^JU) ^Lill ^3 j Ijjjt ^j)) \xfi 'j* 

. I 4 JJ ^Jl *>Ju0 j* \ * • jJi JjUf »U*^ft o 

y> v l£)l Jfctp <j .Li^/I 4> c —j tfJJl ^UU Ot ^^uii 
olp^*5l jlpj iiJj • <~A> iJx* u£U)l tJuk Jiff >: > 

ouiL-l iJ»o* 55U JjUj i»-L~* Jic ^j^/l jli 

ooUaJI J* 01 . i-iyi; ij|^if U 4 &^p »iiJS J 2 ff j 

<p-t j ^j>u) iJlT 4 >«xmoJI *Jl* jj£x*j W • M j* ol2)) 

^LiU 4*wi j 42)12)1 4 *»jUa) 1 Jp ^ic~)j . ioty Jl>-' 

<>»-Oa)l J* Ut JjJU-t ^U>> j jt l*ijt \ • «jJi J*Uff 

<w»UJI 4 >uL«)I jr*>J • •OJll tkJL** y jt iolJl 

ioUl M*)l . jxJ jT^ ^ <Jj jU -Ux~.* * ^) o-L» 

J 4^y» 4JJ-4W «i&» Jj* 4?L* J' »jUi* ^ji» Ji*J 

jJljJl ^ 0 J 4*jLJI 4»%i^H j . l^JUlSo (jJu) ox 

t>U>t Jiff ^51 OU^Otll Jj Jjll j« U JJO liLb . ollc* ^Jl 
& </* <>-^ 1 J-*' Jr* t-WI teuU)l J* '^ 2 - ^ku* 

• J-* VV* U>i 

V 


a*%a^ U-U teU 6kiull jilir..* LipU** JSfl ^ 

iS j jt V 4i* >*—• 

*Us j*j W <j*S^ ^ jfr vy^ ^ u*j^h 

J jt—• JaJI IJLk jti AA-ii-t \ « « * * * ^jP JO j# jlJLic 

*jiUit i-tm (Jl ».„..libl j j«.;~> Uxp . j£*ij T \ * * * • 

ipU- Yt JS* 5 j* Jj»- j>AJ ^jty ifji i ^ l ^ -> JJXp 

• *>-~ J^- ^ YA JS* »ja Uj»- jjJj yJ>\j 

^ <Sj> $ ^laT~J SJj-U- Apmit^ J} ^.Ui UJCPj 
£tjilt Lj»1 y+ {£j $ ^jaC- J 'i/ tj^3 j lJjLJI * »> »* • j~*l 

jlalit I jjk j«.~..J J , j^“T ^ jl*— ^ ^jP ^*1)1 J*m £lt 

jp 3jlS»« jjp l*L-»-l ^ jj W»- i jl± iJlill 
oJU U >jlJj . jp-^/t If-t i ^Uil \+*S’jj jtjic 

iS/ j* »—-Jlj t 1 jlS*m tijjl» tiiLj If'tej »-ty 

l^ItjlJL* 4 j jj ol^ll aJ Lf jf’ aj> <J 

. \Y (Ji l-JLcJ j *ji iili 

• jJ-U cjjl -A*-t J ^Uit Oti < XMl t ^Jp 

^^iit j* j U| ^ «. aSs» jj* itjj> 

J La> j tijj . J«* 0j-U j-a-w j Lp (^ill 

jtjLa JJLwd jljilt J- Lul ^-«pt i>ouoll »0A ^Tj- 

■ fy. n* >/t A«kiJ t^ilt Jj—JUt J^»» 

tpUit jiL jt w-S^JIj j*^Jt jj U Ojilt J| 

5 J l y J^- 5, 

L—*i iUUJ ^Lj^T t^j-Tt^Jt U>t . j OtpUit 

A 




V* ^ JJ^ i/J 

. -U-l j ^w» (j jui U-i ^ U5" • yJ ijy^i ^ij 

AA ■!! JJ i>U iw*y1 yij <>jUaP J^ i Cij 

J ^L* r* J Uj£» j i/ Uj>* j_jjU 

(J#- jt •■** JU$ j&f . 4 pLJ) 

*tJj u 4 '* fij J* \f pfj 4*^*Jt 

^) j » « J J l jf 1 IiMf U>Uit y^L ci'jS' U 
*i-* TtA • jlJU L^#- Jj* r,V** (Ji *JU» J^j 

. t old) ^ jL*t iTSj m-jmj 



y *■•,*•• J! UjUiI j-*; jj^u j. ijj*, Uk. j 

u-*£ft ^ j*JW Jrf *• J* **■'j 

/ t> J^ 1 ^ *V- S * LJl * Jr* "V * ' 

r ikji ik <j kji ^i'l^sa >»I 

* 





olCjS^i j , j &\ iiiu ij/iii ji iiuv^ 

. <~«J J\ s r S\ j£tt .U'l ^ ( _ r -«JJi Jy- Ml^. oW. S^Ui 

otjUii ^ju> j r • • * * m ^^4)1 #Jufc oj 



J. V«iiJ S-lilj iijiJ ir-lb Jfi kJ’ljOl 4«jl Jm >jl> Jm 

jU-^jtiyu ^SjjLu' jJU V 1 * j d* S JJ-“J Js*V 

j>V gl jl -W-f «>l U cJj j 4»j T ■ • \ fl* £>j=J 

oUUm> ^ ot liJU^ Ua jjAl *j>>j ^ 4 ) 

OU Jt^fl r »o^=-\ ^ 'Najj JtA jjUi *~li 

• ^a!l I^aVIL iiUil yi iiL-J) ^ U*ju*1 j ^ L* i> 

^ ^ ®~li oi* • js~ <yj 

oU-U* C—•>j ijzl yjk iJU 





j* ^ ^ ’■tO*’ J**^' ij 

»j*LLll .1^1 SmJ JliTj ojill i*><M 0] j J_* jj-L o . . jUu 
jr* 1J1JJU ^LJl t-» > «JL#L» tijlS’" Lt 

jUI; 



Jjji-JI {L~ t i\ j. JJU m* j* JjL* iLiM ^ y ( ;f > 1 ^ j) 

yj olju! jjS'ty *»»>i ^ jjU; C-*l5" l* j j*l-j«-lfl *a» 

tf »jr J jL 4 -p-jH gl=I' J*J JjlLe s-TjT j. 





jU. 01 

J * S°_ ’J »j* >1 j^- J»£ Ikjf ^>j-i 0) . «t ^ $ £• J »1 
‘r'y 0* «=>' ;■> 



Jj^-v ( ji^n ^ ^ y .bj-it >lii_, .U-JI uai! i*oii o> 

.»—— ^ y iL*- ^Lk * 1 y**i ^ J J-**!' ^-i=* V _r 



J y- fj*j t)*Vt j 

Jm Oki^ll y Vju t-JLiu jl Ljp jli ^Uolil •'jj 11 

Jj ^ ^liaJl \£ J*** |*>j ***j > ~ a ^ (j** ' ^ j*i j 

JaL* ^ Li (jJ ,j£j y jjjl—it ^yXt J r* p til 4+^*- 

(Jl J-^ij Ol#L~* XLy . oyip c*Llt amjLoJI ^>- 

jjU* V W) yo- J1 fUflJ' pjy Ajyk (y~— 

AilkVh ,5 y^ f yf JLy ^y Ja . tjb-tj u Jea 

{ Prdxima jL*jQaJt jtb ^y**Jl fljjft w> y*' (jj V (_ll 

L.1 iJyk JX- (J*^ til qJ 1 j'^, ^ -^rlJ Centaui i ) 
<5 O' y~* |jU j'XaC ( Sirius ) aJL^J' y»j 

,5y Jt)' O^asJl Ak-ylt fyOJ' ^yuy d.Ut*j . ^iwai^ 

. f-Udt Xj> yUj 

yS'U jg\ Uyf (_$y o' OW*i~kU <_lLd' ^Jidbj 

s5 •■£> fo^' g?*r i£j* 'd-y V^' i»«d-aJt J>- 

oir^ii j£i; j\ r y?jt ^uu ini aju ay 

. ( Orion ) *' jy*Jl J ( Plough ) y^V' yJti' ^ yjS” Aij yd I 

JoJu y»«l' <y^ oyityl' ^ iai —j 

. . .(J^i "* * * * ^y» yjli L* ' jy jT 

. X* yjt ikL-y AiUjS'l Iji* Ck>-T 

OyJL* #ykf ^Lj ij t AwO'yl' ^yj«Jt ^y* ^*a£ X*j 

J-ski* cLf U11 yfcJlj ( yk j )V' jy j - i ^L-U oU»^l i*oj' JjLu iJUij 
<ry^ "\ • * * A>Jx- ajl y- V-yj aUj aI^T oj-U wJ»«y 


^ r 




J «j'>' j' J* O >aT 114 . ijX* 

• j'>^' (>* > (j>* li* li i»Vy- 

OtApUdl J^op- Jj 4 AiJci-t ^j . * 

( Vr^JJ- 4 ^' ^-r^' jk*"' ^-'-^ k 4-U ^1j ) 

Cj* * i j ' <^*j s j\ j*~ **-jj ol *—jf- 

jj i*lp Sj^a-t ^liib: j . \p* *>~ji >o • • ♦ • • • ij j 
• *±J* **rj* V" * • • Jl r* * * JJ U £jl p 4 -aJft-t ij\ j*~ 

Jp (Jf U>y«pt ut Jjt tf J^ij o^waJl Jl So^yjb 

. « 4jLJI *->j 0 » Ui'^4 JjU Jp j\ f ^>JI J* \tj\y? 

U» y U^iCj)Ua; jjuk j£i i j^Ji.1 j£i ol 

^1 • • <l)ij>3 S: :*"! ^ Lil jk-i 

Ij* Axilj ^-UL* -L ^>\ j>b U1 ji 01 ^k’.—j 

t-* \.(j| i»Jk* ^iai Jj ^ 

**i jj< J_j»- *Jaj jj-U *0 j-*? f* ■ * ^^*- lf^” 

To* 0 jO# L* j j yC-J ^ . <j yj> O r 0 : * • » -Uj ^Jp 

*iU 4 <&£^ ij* jj*^ uj?^* 

^ * iJUJlwJjj x « ^^JlI sJIa (_£ y oT ^jk~..,> i ^ i^U- 

(«_aAs^ (J^ -L^ 

UjLp jS*^^ _y t <-—-J jll 

ilr* p«>kb __Lot Oj . So 

. So j>A1 J j ^ 

OLSj^Jl Ol a jS- t*li *~.» Ip ^jp 

>» . .; *! jJm j-p Vj^J ^'j 9 ^ ^;^-* SjjJ'jAi 




. j£j \+~A OfU» f J* £- Jp f £jj 

^ £*jz 0 ^ Liit Jjt otftjjl £*j&\ 'a* JJ «U»Vbj 

ij* J* Oj-U I 4 I* £*df (^t 0 }j . 4j j^ ullU^ 

Cf *i V iU^A Ob iSi^ <ni..*Jb j ^ 

• *y.J^ pj»Jl 

ja %!-*? bup Vi vJLu 0^ ^kuJ V LS" 0 ji)' '-U ijl-b ^ 
oM-l' L^i li}j , BiO-^U 15" (^iil wt 5 " ul >JuP 

. Oj^it £+ j^udi AitSj 4Ld' <~jja wfl«» j 05* *A£i iA-OUll 

) -^i^r * {£* U jj^T 0 ■ *-b-^ *<^*-lj ArJue 0 Vt t*J5J 

a«^ Wy 0^ j^lal-J — Uj y+*£ ^->— ^ 5 yf — 

. 3a^^*11 (j^Jb ibU- »^*41 oJ> jJLJ . ( 4JLU #1 jll ) lJL»jjJbl 
^ ■ ». « a:.t ) J^iit <y» y 4UI wiji «45" ^jJo 0 y*4l «oAj 

£>t <>* O' J* ®jr^ ^VT 

-bij IJL-J If . iibU 0 Ju Vi V sl^ LJ j A **-y L^ib- 0 j£j 

frjil ^ O^is»l Ji tA <j j kib < V* »^ 2 Jb 

. 01 j>^ vt*^ Vj> 

. ojj£*b\j 4-.UJI 4xi^jt iJbJb» i’S)J\ cJLm Iko 

0* 0r^ b-J bfc* j . ^ ^_lJIj U7ji£ v/^ iJxp 

oJUk ily*Zj . c ln ll 4P^*^iIb Lm^ tfJL< J~~^ ^* > ** 

I 4 J *>j*ry |J4i ^4 . Ue ■bJl ijijaj i$L*> ^ U* ^_lJI 

IfAWJ </* *->f^bJ' O-ifc 01 . y)i 

fjj. iLibl ^ Jjm Vj . j\>~ ‘M Ja Jbii bf j *Jdy 




til Ult .LiJ j. jjJ s* 

VV»' Uili V>-< <— O < j e L i fl «»'—- Jl U^Ui^b Jif Lx* ; J 
U-* ••» J *>*- 1 «» j j o£*. L* •■** Cr . W' u-*-^ 

**• j* t»• • ^ *~-j* r * • •) *i jl—* ■s—ijl^ If «ilk£< U 








<fjji i*LU! j* J_> (-7 —iJl j- L 1 4$slll «LL)I 

jjjj k-; Mjb >L- l_^ji ^aji jiJa jT,it j ^ *fJs- 

.-Lilli O i jlill f\Jl »lij^ 

^UoD^n (jj jik l .,.-,»J j U djli «^JLdt £li> Ujlipj 

• Jjx*? *£■ jjr* X* f 0y>z . j^ 

^Db vUDLaj . <u*jf- Obuit ,j 

CJtf' ^ ^J ./f*U ( _J^-W If ^ollc 

LlP^J^ (jjj ^ ^»j>w ly»lf ^Uiltb ip j ^*p ^^LoJt 

Tj4i ^yi ^ jA Olf j-jt Ifbli IfJU j^s- ^ y: ^il «J>Jii 

, ojt J«di Ji ^xJl y J\ 
t -u*ljil J*t i*U» y t—» jju ^^LaJIj aajLJI ^Jp 

i iO^l* 4 -ju; jp. x^\ J >I • j> L»xp «_4ty; j ^oi-l jj 

JjJ aJjmP i~» jjJl* r®* * i--'jlij Jju jJ^-j «JU jJ*j 

y j JIfi&j • ^>ib jt tf>4 |1 : iJfcJI 

\ v 


»-f 



< Andromida i il—LAl ajyS Ot^»*L' j-^L* 

i/j J>$\ ^JUit a £ U jt b* j/y+T w^31 /t 
. 1-bt «Jte> j-p Jl£it ^ ilii j-p J] 

c)t jJp OVI 4s^j* V 4d-i^l ijj 

ur bVj > 4 ^ J . J*** Cf~ * ^ ** 

ii^iu Ol y»*Ll ^ OU-jf U ulj j^£j1 jbpt ^ Lip y 

Lila iJL*Jl ^ju)1 j Uxp Lit cb»«U) ^pju If j Lj yu *• lit ;» 
j jjL* iiL~* J/S" iJaj . Lp j\ j^JUxb x ; l^t 

. apUI ^ ‘’^b* No* • • • jUic ^-1 ^1 Xp^ obj? <*y* <— 
*^iJ\ j^J SJUkim OjJb- (^] TV LLa y l4&kj 

^jS) u-ftWt (j jSaw jt aJp 5-LaJ^ ^U->-^/l ^y> ^olSll 

j^5 k—- Lp ta>- »J*a> »JLa bJLPj , UX^l jA J-a 

«JLa ^UJI * Vt - *? * ^ JZ* blp ^jA 

. ^ j^U ^i-/>UJI »^«J1 £* 

^t Uj it J^\yJh < — 'J b J&ry >b Ij^Aj 

Jp jlS" Ur J . TV |*ij i**bail (J) ^il JUu »Jj ob^bp 
. j^u ^bull iy^Ji o«b^ ^ ot ob^yi 

y> j^|l ilia ^ 5 jjb Jp <£jA x#l ^1 «JLa jjC’ 4a j 

. ej_u)l ibl* JL^I^kl ^t4a«S^I ,^>^>“ ^4P ^~la.il < y** iLiJ-l ^j 

CjjU -bp^ aT ) T* * JP Ji* 'if ^kb. J) 

»^«Jl jj ( Uj^LJU' ^ ^ Mount Palo mar — 

. ^-jUJl »LiiJl -Ua» J ^ p jJl (j^f. aJLp*^Jl SLp jjl 

. 5jl ^>*j ^ ibit i ffc)t J-# U^i 4ali 



*1 Jt afl ijA iolSJl J>\ OU-j (jilaJ 

U^i ^ ^ ( K.G. jansky ) W*^ 1 

. U jJ^Aa OjJ> a J>UT 



> *V’ t-Uii Wi ** VJ* 5> <j *>- j£jt Lb J*, 

. i^r j j-lAI £*l j j +>»> luls^^Tr^j j a—a a ft 

'i»jV"<j J*J _<*jLJI p*...4)1 ^JiT jlall Qlni»i^ l^T 

!»^»»JliJo*JI i l J j^ i jT OUjI-U-V^ *■ jlu |**«JY ' 4 * V^}|**jL» J ^ 

•tjll |K<Uj ^-r**£* jfjN jW' J > 5j>-^ ^ SjZj* 

v OJ1 ^TjT^U.U jL-i ^UliU >L1I \J 5LJ.Jt» 

^ ^iu <]L3 >—-»j ^ *3 \J\ a u * j-*- -U£ l j *b£Vbj 

. •ijjoJIj v^J [ 


(•-icJt ^ TT jji v r .lk:.i «Ju jJUoi s _jJ-d' j} 

auii w>) Vi dJJi ^ ou^vt jif ^ ^Jcii 

J.H.Hey, sj Parsons, ) ^iJUJI 

<—-TjT ^ OUia^U jUI j* (J.W. Phillips 

Sa-iJ-l ^ ( The constellation Cygniu The Swan ) 

J ^jjl 4^}j ai^lt _pLoll Jjt IJlA OU-La^VI jj>* a* 

. jjLoU J»VT J r 4~ ^ JLa* 



v^r ^ , JSJJ1 > r W l J1 

^1 01 . l+~o > v.>' r^ ! ^ ol>u Jr Jilts;, OUWI » 
ifc (jjt ^ | JJ j *jLJ 1 %-yA» *LyiJ>l |»-A—fl Jr * l ^ J "^' 

it jil : ,/r—T iw« ol /? 4 * A Ce*^ J j 0 ^* 

il-i-il 

























iUOJ j Ji jjUa* ol t**> ijtj 

ti jf Oilbk ofaj OWUiY Ji Laa Jf- 4lh~» 

. <«*UO<Vl j->Uail ^y» o^ £• <J yj> t*jjfc l *JUhf ^ic*» 

*yry j *j (£_>;■»'j (^ Jj 1 ( Bolton ) djfly jf 

*0—*- «--Jb i-**t j* 0U»1' ~ ^ <•—j UJ 

. > • a t f U- 0*la»*V t^-L'l (»jkJI jl^iil bli Jii <it|*VU jb 
<Syjf *— o • * • 0l£* ^ JLa jU^iJV' lo* o^* ll ^jlaJb j 

. j^UlI JJ t * * * <!•*• ^b«i ^ Jii 4»b J j}&\ ^kuJ Uli 

aii TjjjT kb- OjoJ-1 10* 01T j o^U*JI Ji 3l^-Vb 

J^b by £>10 teUJ ^ t£$J 

j-u Jlj U r oJl j 01 ij} j^-ll a-u.' JOJI J 

iL^i> A ioU \j\iS 



gj* £~f £*U v gi j»a-JI ^T* fU ^ JiU 
U jfl j c* 1 j*«ll ^ f~*iJ JSLUI ^ ^i/1 jl J^JUJI w jli; 

ijijil ut 4U 0 jJL* *JLaI jl ^1C^I^MllI »i* ^ jjjy J iiif 

*•' *1 ' *^1^11 *> 0s*b J- p-4 j Lu 

g, .iU-ll st^1 jt *, au1 V J> 5 j^T 

f J*A- JJ^ J *Jrf jf '*>0 |»J—H ijfcb £jli* £-i 






iflL* Jtfj 4>lyjl 0/1 rC 1 JLil 

Vfij-jW> jit iyaJLI ^S? jiUJLI *i» CjIS" lij UJ j-T Ja>- 

( U7yf ^£«* ^>UoH *-i* ^ TjjjS* TjjJ lJU y 

•JU C JU Jiy . 4l*~> £b V 1 j~f Tj-Ai j . iiUl y • j* 
<iyi ^jit j^Uoil ^ ^ ilit* O' j~l Lx* ^ aUi 

>1 jl . VflfjW- J • >f*i' J~* Mi I 4 M* 

jll If loLAl iji * —■ tjLiw «yjJLl ^ jW 'jA _pu^* 

>l~ oi .1* ^uu .i* ^jui jjui juJi ^ f >)\ j* yi 
f 4lj VMI W (j £i -OJI (j 4iUL^I f ^-JUI 
UT - Cambridge - ^X^lT iwU ^li JJ «Jb xL* 
( Mourn Wilton ) 0y~b j CJ jb -U* j+ J* O 
^•jWJb tfy jt ^1 fXJI j* jx‘b 4 ]j* UjyLMT J 
OL-L£Vl otj loL*; -A# xJt ^jjj> oT JJb -Xjo ^0 

1 (^Jj . ^Uod ii-jJ 1 i-Jb^-ill 1 —* i 

J* i-iyCJI ^ LS" 4 a» 1*L> Olyf JP tirf. JJb Ji ^^i" tij jU 
. ia*-l yi J< j+J> itiiyi s jf^i\ J* J-U- 

L J b • yJU £jl>> ^ iiUJl J5UI jJl t)l j) 

fj tfbjl J&\ kUb jU jJiiilbj . IT j* LJ 

J~£ (j| T jli" ^jLaU *-U yt I 4 M jS T Jaj i ^>-^1 

j •U^'V\ j! l^ji j! V j*"^ 4 OlT" 

JUjl- ^ JJL< Jyi J y fi h ^ .4 Olij J Lr mj£ ys\>£ 

^Ubj • yfjiir jS U"u j_^ai j\xsy ii» jJ 

ftjJjdl OL’LiV' jUi» r~>- jJ ^*jnJ ^ *Jb ^4# 

T» 



j^L3b oJjdl jiui I jfi jS Jkit- u ^Jb 
A*UaU >J >>La* Jlitl Jp o>**y ^ . p>J! If^b# 
f ^ jjLoil »Ja ; i j£~a OlpUi^ jiL’ jt 

J J-*> ^ ^ ^Jl I quasars I AiJ'j,' 



y—*r i>i^' J JjiJ * J* *iJi J ^ ijw 

*S j£ll alk 

j-it' JS^Jt JU ^ jlj^l ^sk- Jri L ^ v‘>t i^l ol 

jTJI > .if Vi -u* s-iui >b>jl jul ^ »aui ^jLj 

LU>-j Luiyt. u» ^ -Up jli 

j-L> . /JUall ^±»Jl wl^i! J a^jj>- 4>%ju0 A Jail J ^Jp jjjiU 
^j <ML*o)l jjai . bl^Jl ^yi OVl tjzrij* 

jt Jju UJ £ s~“ 3 * **^0* *riJ* ^ JUSj 

iUL.^) j^£)l <jl*pt j._ > j \^kuJ V Uik Ua 

. JU* Jl 



0j ijUii j/A t J ONl «UJ 

«^^JLmAjT jd_i -Xii . ^j!1 ^Ll* ^p t—* >J» w »> 0^ 
jl>“ 0^ ( ^#*1 — \OA\ ) — Archbishop u**h«r — jZ jt 

J-f» Jp dLiP^b dUij d*ll JJ ft r U J f oi bfiA 
J * «w- *b 0^ IjjJ# -Uj LwJ * ■*i“* s !*^ JkfiJI N 

ifW J jrti Jp (Ip JWT oV Jb / ai fcjtfl _ Ur - 
ul . r JI l^ur cJtr £.jU! ilii 
Jp (3jJU t • * • ij *jty (^jb 4ft -l£>* J^™*J boJ-l 

OU UjiLl Jj . 4>lJl vrj*^ 1 Jl J^' jriM 

Ji 1 • • • Vj O' j* <kj^ jt> J^JjCaj 

a>A^ (Ip J^Lf j4* ^ (^p»J fbJI L*t . OjJU o * * • 

. Sdb jO J»b ^ LIa j o jjJL. v • 

♦ly Ot ^ ^ ^ bk 1 V iLS ^ 1 J SJlW bLulL* 01 

f • • o&j ^>a» «j u 4kii ji juavi jp ^u ur u* 

0 j j^i j~£) A—ji Jl^t <u _^S' J 0 ^£Jl 01 . 0 j-U 

Jfc*. t ^L;.JI 3U ^ LT .tjjll j*j|l dip lit 4>l 

otf ^jj If y SO i»^L* }>(ll ot> • ^4*11 
<U—L' 44 ; jlall *JL* j~Lj . J«^t jbj*A>V jl jfk Jl^l 
V^ <j *^ Ir^f 4>la^ JJ 0 ^ Ji 

J j* mJ& \ ^ i^J»l^U ) ^ r n < M Jp (^^i.) 

. *V«ai -L*t JL. »L^J tl ^iii Ol^>- j J jtL OtyLiV^ 









lijUtj *JLi U *UJt Ut J OLiVI Jj f 4ll 41- 

'tltlftlrilVI j i>L j^fl jt4jf j ij jL»JI ^w. # - iM ^Uil»l tjut j j.m t fi ^4il i‘,*j 
J *■ ^-ilt ulr ^ tf 4fl .LJI ^ yJ £ lJl>* Vj 

^ilj- 4J4* (*4iJ-J 

M 





J* J* JjLJt U* 

j, '\joj . ovi JjUJ . iiiai ,jp *jlu i*yM 
^£,*JLiaJ 44)LJl iijiLo> ^d£i * *UWl U q-^-; 

, |JU)I IJU j _jkl 

: iruiH CiUJURj ^Jl 

i j~>- ^jUJt jL-iV' JJJ1 ^ *-l**Jt UHU* 

4pU^aJI d)T <-U- J J *1*-JI C-jlS"" 
ll*Ut | » < jy 4«IVi« JJ jJJ Ufi£t IS| , 

JUaj 4* ' J U Ui»L- ^ y J»l« ( Jp ^jSrf- i*»V 3 JJ-^ 

^r* cS^f ^ iljUll jt dilj^JU ^jj-0 1 $-i *jU 

CJJ^Ju ijj vUi. JU J*U jr juy £>. Ujlui *iili 
jt) .!»*..»j J-L5 £uLJi Ol jll ^ UjuU ^31 ^SLJI jl) laxU-i 
i » d)li HL5A-i . *J»-j jjjj Ulj; ^)l J*jf 

r ^Uji «Jai^T iyw» iu-JU aJLw* JJljty JU-^)l Colt Ji CiL' 

. i)L- Irl . i-ijSOl 

jlfj >a«; * dj jUuw jT jJcj jT ► »J«^ 



v'./* y jf* <y j^j!' ^ *U—it ^ 

liij jUjji i^J-Ip ^ y~ <y * 

ulij-It j;ai ^JtT ji j*»j . Oj&' j* 

.(p. <J*t i * —®# ♦)—Thales—,^-to Ip- )e 0^5' jfi- 5I^jI 



J w r A r**"J^ J^*—■^ J J^tiJ , j^» »jii» «L-;-- y j''- J u 

>$l j ul . .‘>ij jLIIjwl>1 t 1‘^Slf^UI *lj~j Jta.jJt 


ipili; i^ji*-T *liii jy p j* <jl Jp ,j^* *;L*1 

(Anaximander) j*uLcjfliyUll 1*1 i^yjl Oljil s,..-> If ^1 _y»ty 
( m . (j 1U — «to ) U aniljll ^ jjilp ^ iJl ) 

C-*- iijVl ijkJl ^ VUj^j <JUp jS'I i^lxi Jl dJUi J-b Ojti 















^L.4» jljdl *UiiH ^ Is;U t»« ** ^j^ll j«s*t 

om L_i cJu>- i» jyJl i J*J&\ »JL* . *j ajp -uJI a< jL-i< 

j>°‘ Ol ( Copernicus ) *j& 

- ■ j j-UU Oil# Jj) . oU i 

. jjd\ JJU J1 

l^L- iu-JU j *i* dl«t ^ii jt ^Ub 

Vj ^u-i t /JLi)i >y ^ ^ a>wt Ju bif -w> 

£~i\ — Parmcndei — ^ ^ v£ 

tfyU »_u 0(j ^.Ut »ly ^*1** j-tail jr^lj j^' Jj»ty f-u* 

. VUjll £ ^UJb ^Ui-Vl IJU >jUi . i£l jgP < jr*) 
(f.jtv -rv«> u wijiiijwJi $j\* <iu jo j a uT 
^Ul jl> jUi *TiLi£ tUu* ijLil *JU ^ j* -u* 
LL--jb J ktiJ-b U)U** ) tiJL» jt I 4 * j *1 

ju: ^ U Uly 4 JHUa Oti ^ T^>j 

i#SJp A^J j ^-u^-jb *\J* f jrfl Uft . ^ 

S-jWV y* A>Ij J ■ 1 ‘'J^ 1 1 tK 

ijJagjfc) <—j^iij C-ili U—i) . £1^' ^ 1 

yfr 1JU j* <Jjty Cdy—H J>- —Dcmocritiu— 

£• o^lii Jid vV ^ « OljjJl 1 jr* 1 

ja Jjt juyi IJu jjt OofuJU jy Jtt iLJJ-l Jj . aJUUit 

Istfl j;\j ja Jjl i-UJLi y*'^' «U-Jl J J»jj 

i-U Ji« JJ . y^Vlj ^--5^ U 

. to* L»b^ \SdLi V j* j* U 

rt 




Jj»- Jjj* _ *1*4* LfW J U _^S~ <].»- l _^lf 

* ./'■* * £ «bl**>( £■» ^l— J* '% •** '■** 

fj*^' J* 


r*) s {^ ' a * s jsW i/r^ 1 0' ^ rJl 

i!LiU aS"^>- jl ^yiltJU j*>Uaj -Uj L*j jUjJI ^y* 

j\i aJLSJ-' ^ ^ U 'j> j* * jJb ijlw 5 

aO£- y-ut N j isjJJ A—Jb i-i^«jJI if^ e? 

. J^lj *U'b JJJI J jj ^)l J'bDl jl jjj> 

^lliJ i-Jyv ( Aj j k> ) L* •!!' aL*>»JI jj 

*1La* 4j<..J ^ iiJbl-i ^ 4-*—^' 8*ift j . ij ^ ^j*JLki 
jj»i' i^l:5” UiL<? j jlij-JI x& liJJUJi jJU i*» Jic 

■ ( rv ' 0 * ^ 

' Vrj U^ij jS" iUL* j' j\ijJ' ^rr*"' ^ 

i->-jUJ' Aj jL-J' 2^jlj jL-.'Vb JoJyj aJ^'jJ' a» jL^JI »U- 


T—f 



U , r\j$\ y—^ a** 

, *^i U>-y_ y* I4-U O^J ^J' ijjU-Ji 0£$\ £jU- 

Yf J5" 5 y oLi? j>-^ ^L^Jp C-^-I ^Jl i jU-Jt i j] 
(Ji auvu y«-£J' ul o\! jjt* Jy ujj 0^ J Afri¬ 
ts yfcUaJt jL-U » y— j jl~* *3yJ' «Ij£U J>^ ^ J J*" 

J*f j £jjj *'*Ji K ecliptic — y*-^ ^ 

. TV'-® jt-Uf — equator — JI-UpV^ J®>- jf- 


Wl"i ■ > > L-^ ( 



^Ul »J«J tliJ yill jt>) y Lr ;_' - > J |*-J ^ iii*U Ij* 

j >u js-J v'fi LT 

^yj> jP J»^ia>- ^ ^ j/ U-—^ _yiJJ aaI^AI uU^ j] 
jl£*U 0| . t^-J jdl tiij ^yu j' y jty J*- Adlii^A 

tiJUS'j J j-rtfll l j;il i^U-j jtfJl j JJJ' Jt—^ yj' '3* 

t»j ^ iyJI 'i* jl* ii-iJ-' j . JJ1' ^ yJ' STy 

iJit liiJIla 4^-LJLtj ^ 

r t 



aJ*$\ «OA , <_J ji) li* \i V > wO 1-U Uv> 

. l* £* i^>«—j-P- iS"Ob j* 0 <S j ) *—S*' 

U jfS' pyC- Sj^U j»*Jd i—Jb *—j£l' 0\* 

If-L (JjVI iUjU ii>-^j wi"'j^il cJU *J' yi JL*i . *Jflli£ lf5" j>- 

l^J^j f ^ y»J' j£ S r j 3 !"^* j*~ *rtj& ijj'*- 1 } £j**y *r^ 

lfbu£ Lf . ^^>Jb Oijb> (3 *-iU»' iS"^ IauJ 

f^Sib l* 'S' (^1 f 

^>\ ^iaJ \iij liJJi *-}' jJXP 

( ‘^} ^ ^ _f+% 0^ iljbll^ 

■ 1 ~4 j;* - J 

jjf- T *i— '> ~ ^U->-V' s*Aa ^jJjiJ' oL-jV' Ji^V 
ja j*ja!l jj^j * j*jA\ 4j| ^*v*JiJl jjjj 1/ t?Li c^’ J 5 ^ 

a ^1 j^/ J*P ^ j <b j^l 4)^ 4ij^*I' ^jbcJl J*ail J* 
juI iiL2J-l ^ r* / Joi iL^UH 

J* Js** ^ iJp J-"' p* <j* Jt* r 1 ^ 1 °> 1 

. W»b ; ** m Joj 

<■ *-**'^ °i 

w»l»- # j\i ciJ!i ^ . Ja- j j a ;lk^ j 

. OtjjjJ' f-jejl-U jjt- 

ijj^v i3j-iJI O' jji 0^ jj/j\ ^ JA d[j 

Ja»-% j uy»Jl ^ 11 <*(«>•' j d *£j£ 4 >lflT‘.* O'jl* J*>^- 

U-Utf- jU Jlili J*r*“ j ■ *—«*'^jjii o*aa c)^>* jl**Jl' 

.5 jA j\ j *Uiwb »U —’^Ji tjb«i aLiN' ^j^-ijl^l jj 

jbjJl jiv_-S''^5Ul OlS"^^-i J^-' 



CjIJ" > US' ijUJl ot j* - * yrj 

( Plato ) i-Jj ( Eudoxus ) ySp y Ji dJJj iS'yoj 

jl\> jk-jl X* (lull i JJM a} i—JjJI (lull j. ijkJI *JU 
1 >* A-j’ “^1 . Vr^ Uily:VI 

^ Uf*j . 'il^.w.j fjjt ^raill jiUil »UU jf\ 

*U k l jUJJl ^ JJx (1 i^-T 1JU Olijl 

.^p r jata^>^i-c^ir ^11 y^^JJU: ^ 



—> 'v^'j <jr~^ [, -± j/^-^rry* y~ 4* |«1 ■ »• jk»jt £**>" 

rj-J' ^ ^ J' iT^d* ii^u-Ji :>31 ^ >_,</! 5*^1 U-Ji 


rt 




jji} ^ OWt oif f- y_j~* iJliii i jj 

«r S*J ( Apolloniu* ) ^#Jj>} \ ♦»j jli jM *U1p 
*J1j ( epicycle ) <—/jijUiH <S)i\ b-y*l 01 Jill ( Hipparchus ) 
■I— Spirograph — /► *1 » j* iJNl #JlA J$li ia—A 

'—* JT/• J>*“ filial# »yw? «yb I 4 J li Jl j 


. b j£"^ 



VT'/J 1 j* 

JS^JI W v— iM >b 

SU. ji, brt-j* v-Tl^Ol ^ 

SjljW ftjj* 0- 


iyb Ja*£ Otf ikii j* jfjll 
<->-jliJl 0 jJljJt tJ^aj 

#0* C> -La! . ajsib 0 yb 

J1 • <«*■ ^ ^ 

i^Ut f r jua utj 

w-S^SOI ^psSU JiJJI 01. U*U1 
(. ...* ^Ji*j ijo^ia)l 0JLf- 
*_»)0l*Jlblo jl U---J v*^' jS\ 
j* 0jioi y 
-y- o£- 1 iiUj . ( 

. ;iUJi y&i 

JjJ*- oj 

J* s f /^; 

jl~* JT 

wJftk^US" y^j (.yy oUU-l 

y i-jiiai j.ujjlp 

i—Uai U^> U1»>0jZill 

^ V U * J*"J ‘/Z 

. j-ir jU. f u-ij-t ^ 


rv 




v^r’ ^ cf^ «> r?-* £** 

U £*>- wJW 5 j jl^Wb j^-vab iLjiajl o-i* ^l.u«^'> j Li£* j 

OJj J-i* ^j iijJ'i ^y> -J\f jjh lj£3‘ iS^p- 

^.«»A» c^>f JL^-I a jili ijJ jJljJt i> jOi 

ii 0 *i)U 5«-^ L r^ L i l>1 *^ /i;la*...; . ^^Jiaj ^a 
Uj_jJj <uL*ty iy.jUdl *S"^>JI ijjj-jUJI i^JUJI fj* UjS^ 
<i^yt ^j*V* U jS^ »jJb ^b ^u-i jS"^ *l»li 

_J“U* »A* . i j£j\ ^ ^jA jj£]\ ^ J«i £4a»0J 

. L-^)15" ^fljJl J If^J ) jyJU ijj&j i^iaJl 




tf Muse » ■ L+LLt ^5-^- \ y ^v< * y j yj jj.iL> 

j »Li)l ) j_ <oI a.*. *J I olXVl jA»-i <i^HI « 

(Ui^l >u5n,j )(■>«., 


7-ij iiKi ju> . lf«J OlS”’y I y JuJ iL-» j cJlS^ -U 

o-yj Ur Ja— jI Olf_^>- cJlS" IS 'us J*Lo jUJ’V' 

^oaJ iJoJs t;<JVt «>i* woL* -U# l-L* wj SJjLJJ iJVl «j* 
^1 4—d.l A jj . 4,-hjj i^iai ■> J 

jluii ju Jt ^ ^ Jl 


{ Nicholas Coperni Cus ) 





jTl ^4)1 j I^S3l iT j*. jj yjf <j ^oJi J**N Jt ai - : 

jO* c—J Ob ( p.j r- ■ (*U. ) Jjii ^ iijti v 

.- .-i iJIS j i a j r (*l» of Jy t*U. y-iojf *4* 0Us£)l ^ JJ&' 

fish vV ^ S-ii-uJi 

OUUt fjUP ,J^>> -U# i-jp *£-J-y» *;li -U-; Jjf jlT 
. liiLiJIj JaHj OLJ>U^3'j O (J,| oLpNIj 

(1$ ^UaJl l)1j 4>ii^ »—'U-t j a j) 

^jj . omI J\ j jj L. j-1^!' V 






flkJI g fb' (Jp AjJJi; oU-> j)^ O*- j 

(Aris-tarchus) jb— jj' ^ J JL* ^ j£\ al jl 

,J— i-SJ' £ jA 

^ 1*1 . ^^**Jb aj jU-JI «jO* 

jtj tU^U* Is^l ^ ^ j*" jj-ui S-Ls^ a j j ^ 1 

a 1**>- jO* v (j** - *^' «bfVb jj-C o! 

^“i i—Ajyli OljlX* ^bj ^*— 
jt ( j^£ h i—OlT j>~ ^ jSj * jjd\ S-Li jJtj jb Vjl a— ij 
, tiL- ijjS^jll yljJI ^Ij-inLi aJUi-^I jjJL) 

A*j w*L^> j* j*^Vl J* TjjU JIT JLSJ 

jl-U ^Jai ^>^aJ aJVOj c ,—*JtJl jc- ^£li ^aL*^ 



' * * T f * Uj„S 1 y/li 1 jUi- <J»l^Tl If' a»c- 1> jJJU jSLi 
•vb jlSb' J* > i^t j»l* a# j ;wi*j<^lit jiLfci’l j 
Jr** ^ Jjjijf *jW 


O j?* j . JJLUJl j iiLJl ^Lj OlJU-1 j ^ja tJ^lj 

jl^j 4—-l^JI jl yl wijUil £*>- JijJj jf <i ^ri (J 
i-TUll ipJ' til ^-1L» Jl OiJ U jl jJil iiS" T^ j Si j 3 .^ 

OUl jj\ ja Ji*oll a jllab* — Galileo — j-LH* £jS»»' 

jt JJ jJJU ySj \jj£ Jil iO&l jlSj Si J.f 
• Jr j J*** <iV* s fi*^' J^*^' *jl * 

: i—J oU>Jl fjft 

«Jj*ai\ <Ju? J\ <b JiJl «->»—aJl j—*J' »^li jl i_j£ 

jJJi £*UJI j^il) Ob Jai 4-i*?jjt Ob JaJ 1 ja j , A-—JI < JiJij 
iliiTj OliljJ-1 OiO* -Ul . J\jJ-\j OUI OJjbJ ^1 

j>-t Vr“ £<b Jaj iT jt jZ ^ < ^i} »}Jj£a oboT J] OLrLJI 

JL^II pi<o . a jj- U OL«^^ u** 3 . 

1^ J «rb* tfJJ* cyiJtf’ jt jj ^ JUs V J T 

s* j| . .j£o v ^£ji ^ju)i y *b jjiji pO jl dim 
w-JI • JJ . Jaii ^4-<i j ^Uij j* Sij.jF fU“ j a*j~i^ 

• ^ 3 ^ J* J>>l ja jrffl *a>- if Ji 

J* • a~b» jbJ j*-f-i' jt Jj*£0 

<b Jkj i^»-j iJl£L»l <Oj Jl^-Jl . <T 

JLT Obylaj j^| b^^i OJij *,.^1^)1 iT^ *$ 

IJup jjl Ob^iiJl Ja— ^3 iiwiJ-l )S Ob^iiJ OJlT . fjtjij 
^ja OUa»>%»i! Ou^»j ^ 0*»Jl . LUj ]ai» 01^" 4y««Jl j 

OilJ" U £*j . Ulb dJIi J -&j Vrr - 



i O'j w-f' _»f]' if ji~ If*.*? * ^d' Ob _^JI 

, <——J' O Joi aljtl ( J*-' y 

OU^ioilb Ip yX» ijlJU y ib^b a y *{Ju Jjo jJlS' -la] 

if y- JP iJU' 4-i^»jJI ^J1 ^S!i if-lw? y i*jyii' iJi»]' i.i-Uli 

: <>. u J* ^v ij ^ r '-^ 11 

jji A-aili £^jai ^ J; i^'j O' j \—• J w-f'jf!' iJ^^5 \ — \ 

«$*M j* ££ J 3yt j\) > yb Jf j/J 

J JJbU-1 \jjti 

* j-dliJ' <iajj Jaji ibu^j siJJj 

. (^ksJ' Oa^»j J s^w ii jW' sJla 

Ol»*L_* *_-fjf!'j ; _ r -OJl ^ U t J*^»'_j!' ^^kSl' £—c — Y 

. iijl—i* jl*j' ^ 

£* wf 'jfil 1' ( j^p 4 Ja.n^ll oUL»l' *. jf j OJ — V 

***** jr* t*U' •■** <jj^' t>* (> 

itlil 0—>If If j j ijjjljl" ijjJall! i-—Jb ' j^f 

J J*}\ J>uil /'Jb V . ^Jl iJV' <lUl' OJUi lf'1 

, Jaii jljl' j£i ^.u: *&j 1^'jIjl* Jp *-fljf!' ip j+ y li-i 

^ijiJ Jr^ Jci *b’j'-i* J* ^ s?^' b*' 

J *-—£ ipj-J w-f'_>fJ' JL»-' ip^>-V' jylill 

jfjC iia—j O'Jb-j pJLomII y \_jkJI J-Uo £Ui j i-JUJ' iijiajt 

. a J oj^-au ^yU J 











l !| i!^-.- ;bdi JS 

ijjl—oU-L. *j j l,_• « jLjf jS^I 

J >- jljj- 11 ' : j=» £* 0*- -Uj 

. *jU-* ^-fji 


^jrf jkj ur-^ 1 & OLi J cJoiy JiJ 

(j^-j * •./,>* ip^ jij iuiiit i jOiu 

Vj £yw» '-aa jt iiyt jiS ji ;iji*£ Jj j-.jj 

*ij* V^' iilSf\ 5^ £ J\j «yJ4 J 

J* j?**" dV^>'iT jt *AAp t5 j* <J* wUdJ 

jifVi ^;U1 p 5jS>» I*-;* ) iilUIl jiaJ' S^v 0*^ ■ *-*"** 

**J- J?*' J&J ®y ^ Nj ■■•:«* tf/* J* Jilii-I ol ( TjjJ* 

J& tr a; i ifjL\ J Jj^l j7jyli jli L$Uj . oy aTX) 

U*jj <Ji£* ap^ iiyCj Aili Sy <J ^1 l>‘ jl 

dWUj aT^-I J j-iT J] »y Ajj iaXJ Jjj pjz~, jhd 

• 31 d jf» di 






j OUAlli Jlj V jyli -kjy 4i^Ull u 

ilj-iJ Ot *--£ **U pfij V 'j^II <Jy« ^11 

<50 j ip^Ji j'Ja. jjkl Xp iai# O-'-U^ V ^jlxJl ot 
J <--01. 04#- LT <p^JI «i* jJ»t Uxp 

, joii jp ^^it iju . duu 

p-^Jl U% J*»*Oj Ja-^j L~>■ JlsU J*- Jp j-wJ 

p-*^’ ^-L»' '*i *& o'si oi'j* ^jj- • -^J' LfcjT^ 5jfb J jja ; 
T *y Oli V]j J»l>1 U -LL1 *Uil J jlk-i 

j'Js^J !0* 0 5jj'-ilt j5 "jA y- 

* J^ 1 j* S** 1 * *^*i p-"^ J*j >rj^ j* ®>> ^ J* 

^jLw |w-»Jl <i-idl J «*yJl «."U 

■ ijW» /> 

*4 <J*»* lf»J ««b£ <**£ jjJlj 

IfOj-l* J ^ >J* V.^"** * J* ^ 0 ^.Ol5j 

J -0 y>~CZ .—I S^ill *«X* Ji* -l >-y ji tjl ,*« 

J.*^ *j* •yN *A> ^j’jJ Uo ai^ . »Loi)t jjLfcPi jt- feu** -W- 
. ( iSliill jT ) gravitation 

*j«* J j~-*7 ot j£c jS jJly ot ^ jJ jm j» oil 

O’Jt? J • jj—.i> Joj Ji <jLaJ 4^*0>- 

U** * o?~~'*r ^ j* <JL5? l$j* ^yrj 

V^Ot 5a>llL ; 0| . o ilpUJl oy .HI ULi. j ^’LJt ^jUdl 

X tSj*^ *L— , I < y ot dy 

t ^ 





jm p—*■ *■>' 

si-u #jU> ♦ ji*j 3 >y <l£ji Oi. iip~**N *+$** j* 

j* Lf ; *>Li j* p-fJ' J £+*■ Li jit* >*j p-^L j **’jA 
$ y lUj ^jUdL ib£3l *'0£ illi -Uj iyJl u *tf7 . cJUa* 
Jji^fl aJ jil# ^ » JijJ ol . aTjJ- 1 J Jlill 0y 15 aJLaJ- 1 

J* ^T Js jt Jp ^JH £Jlsh a> yii j-p >jWj 

J»“ JjSt (^liM p - «*)1 j-jtj <L)U p*->- 

J>*> SftteH ^-T jJ'y j4 u* L. J-pIj 

Tjl»- ^yt . L** •>&; Jjitj jjlyjl «JL* J«t- V s-S\ j^II aT y 

Jr* cJ. i)y:7 1^1 jt ^lill J/ jyli y TirtUul illi a» 

jjjU Alii<At< L«-> AyJI 0*i> jtj . ^*fc n* Jl t£ tj} 
» . -byI s^T^^fl JlT lili AiUt ^ w**liSi JjVi 

U i jjiJI ^)t Lk5^ l ^Jp iyJl p » •■■< ? * »—>-j ^«.^...il ^p y 
, U^-if ,*«• ^yy j jjLij Tji j <^S Ijill J>lj 

an-oIj y^La* ^Jp <JUi!l Ajijl^jl ^ y7y ^y^~. 

y» jtf* Ait yy ^ . o» tp^y* T y\ LfU»- if U J**< ^ aUp!i» 
^JJ! a -Ju y» iai—j i*»l<dl J*p-_ U ut jL^' U Cij ^ ^jLa-lI 1 ' 
JjCpI ^ytt • Jy IfTlj'-Lf Jm^ Ij£)l Jw4- 

iiJlL* j «y L pl^JD ^L iaii ^LaJ V Abjl y j' 

^p jjjU]' iJU o'Cl -uxp Ail ^JL: ^31 JJV-a)1 
Jp *b^A)i jJ!y V'^* 1 ♦ y '*’Swj . 0 

jjl\ Cf Vj^' 1 PjIaJI O-Laj I aj^*j <J^JiUJli 
. OuJJl p ^i»Jl jjja J l^jUa^ J 

t v 




Jji c^'j* <:*''*'* J*' A'- Jr-** ^ 

*u*jJi a-lsLU' oVl>- y* ill>- iC'il j jUjVi *£*.»■ J 

Jyt*ajli . jjljiJl «-i» J-JaJ <J *1:11-1 ^£.1.7 Lp J*V 

illiT ^ j; <V jl *>1 y^>/ - U - a ** J 

jir L*f- l—ajl ^ J> ji _l* 4*—j jj jlTj -U-^zil J L f*^ > * 

ii^Cj *Ia*aU jj5"" ■_/ '-i* j| . ■ b w a. U OLJ ili> J Hj'p 

^ai a* kjl—l* *iu, ...■■■; > 

S^yrJLi ^IT *U^t £*Vt J*^ £yUS 5y‘UJI 
IaJL; liJIi j^iJ <—*>£> 0^/ - ’>Uv» ^la-Jl jlS” li] (. LfJ 
7y^j a ji J] Aspl^-b jy liiSl Ij> JV y y? jy li LyaUi 



j- j «* <j) t-i»t oli^i _ ^yui fLuit iLi- y*cJ.i J* 


jys/i «i*u V] v j*i» ■!(* vu 




jO* 0 jifl ^ LjU if— mb 'rt j£* 

u*y' 1 J,C?jj 'jfj**' *5^ |U«» i-Ui fLr»l & U^ 

£j cjjjl *—*N*. iijj» jf C^S JC&A ^ jUrt^ jJivj OjJJi 

ijfjW' ^ |»U\ a>> tf A*f Ly Ua_»► _> J* uU—' 


y U+jp ^ J—* V i> jU>- y» U» 5jJllaJi j JU.aU 

je'y <sr* ^ Jyj oW/ j'V 

£yUiJl & *!-0i |*5*,j 'S/k ^ *j* 

U&j *»*» jJtf Ji r Ur^\ ^ * *U» ^ jW» 

, l^U ^ • jJ\Wi ^ >jtuU 0 jj -» 

' **s& <jrf js*' <3> ^jt *&*? >» Vrj */ 

4PjUx* jy <-—. J>11 p* *^r j* <■. "* ■ £jL-sfl# 


*-f 


if ^ Jp £ U tlajT / ^^ ijypu il f*Z V 

oU-jLdl ^p lIj.uJI L> i^U* -u-y Vj i<Jte> ijj^Mj & y~b 
. ^jUdl pop £pj j* ^yUl jl oWjUdl £**► OJ. i--Jl 

»L£»ty Jk»-^ jts^i Jjjull . ap iiw J yi ijih^ 
i.i.MiUj iifZt yimlU cJi ^LSJ jL»* yi Vj . t*ltf bS*L» 
i--Jb iJij-Jb *J f>jS (_^j^Mj tj* jS) 
kli)l> ^»ry m ^^ jj»Jl iy-JU il^»i5 o'.^jfJHj 4>Ldt w»>0 
^ j-j JT^c* *Lit ^p «l*Jbo jt ^jar^g *y\* t ylk* _>l** TiJ 
■ iSfA *Li^f A-Jb ‘ 

£^•1 y* £*)►■ (j iJl£*l AiJI yy jl y Jy) ^pl JL«) 

aJG«p ^-1 y* ^-l>1 •i* ap _;U-i» t o-u iiyiit 

4i»h:;ll i$^y>l y jt oLt)l j (j 4-ij ^-pj! iHkp Ty*i 
Ia ^5" 1 j yLj «jL—l*JC*i . <~»- jIa- a y *Jlp yy ^ u 

y"" yp ^y iyLi*>j bi-p- y f ~~{ |Ju ^ 1 * 11 «u 
. • jL-JI y*- »* 

^yt jU«i y c JUU ^7*" lJ* 4 *yJJl ^ y*i UUj 

CjU k-JIy i~-Jb iiiJ^LJll jyly \mj j* \ - r^ *J hx* i p^-j 

Vj b*lf *L*X» jll*i!l 4^w> y L*j.j yp 

yt i* y* CjIsJ^ yi t«U j ( jl ^1 >- .-i 

4^ o! ^ 51 i>y- J* y^r-J 01^1 Jp 

q y» y ^ kijj j- yLi jimi ip ^jju' ip ^ 4 y 
tjyv jt aJ j-j ilXp 4 ijLUl Ol Jf is- j-~ j» jQai)l ip_ r - 
L_jiyi up jj>j yy 4 -—»" < 3 ^ 




Jf-N J** (■ jjUi Si SJut^S ^ j 

^1 ■ u* (/!' JlP*^ Sj& ^J Ujl^l 

I 4 U; d)t Jmj a*- jUs* (Ji jlkili Jatb <llJU J y+?+ jllailt ^yUi* 
(jo* Si 5 jjT ill iLil ai* >U \tj . jUaSII Jj 4-iU i^ UjUw 
JJUI j. Jb>)l ,j J^lfl ja 4*1f dlUT C-J iiJW ,j l*£lj 

\j^TJ ^rf-UJI wil jLI !>• ^ t>* uH"' (►* £>t 

j-<*y Oj£ji J jp- ^ Jii* 

. OU;Jb OlSll JatU JidJUi 

• jj£j' J*l£l ^ *T J £ yfj^II JfWI *^1*1 4jl t)J 

tiSUii j^>*iJ f 1 -i» j-JU-i j» uip (Ji« ou ii*y.i 

j!jj Jj ( U j;^T oSj.w ^ jf \ J^iij ji'ji aljT j* 

, Ini jl* jlT L5” O^lsJ 4*Jan!l ( j^*Ldil ^ *~Jv 

oIaU^VI ^ ol** - N j^ ^ ( jJjJ jlS^ 

^ Labi* liyT jla «»^ jSlI j^“ IjJL* jlS^ l* ^Ssju 

jJ j} . jJI jjy3l »UIp Jjli ^ »Jotj 

i^>bwi L^Si jj£jl jlS" _jJ <it» . jL*I U-Up Ij-«i i jlaJl oi* 
5a>-lj il^” (il jj^Jl If^dAl J] 4/1 L^y 

^Ulil >1.^ t^V" ^ (J* 1 04^j lil ut 

jl 4 ) 111 e-U Jb*xp C ywaJl ^ IjiUl« V/l 1 

y 

j> aJJ jit ^ <JL*UU «Ju ^ i^Jli> oU 

e £ {j+~P ^Ualib **jy i^lll ^i# . j-1p £*1^1 j jS\ 4/ly-’ 


• T 



L-Ul. Ot i#U- Jp tltfell Ji- oli Jai Oli 

— V • jT «U- Jp <»>3U4l Jjp- jl (^t . jkSJl ,Jww £• 
1 ^ 3 ji If ^ J V J/-- - ^ dJJb J 

tjUbj . Iffe* JaIcII) OjJbjJN ^ i-Jli J*4 £l*Pjt til 

^Ip J C-^ ^ ( H.Seeliger ) ^lilb £*3 L> 

OJbJ L* IS) JjUu jl i_j£ JUlJI w»3U*di ij Cf ^ \AA® 

. jU^Nt ,j-*j #_ <r ~5sJl OttLil 

Obj-- y* jjz JtJ y tijf JP O Ji# jt A-J& J*jJ OiJ 
J*p J -iil t5*^' jJ" dU3 Ol»jM ii>>t jJ Ujj . « j* ot y 

iiL-it ii j *>— 2 ^; j* jjs jjp y jj jir ju) . aJ| 

i Opticka i Oby^uJI pJp Jl J L*t , 4 aLa 

Jp *»' ^i • * • » : j* Ji /*ty 

J tjuT «3 .Um* l_~~J J J 44^0 OL-Li J 43lit y> QL«> ji>- 
^r" 1 <J* J4* (Sjtj Oliliir J Ujj £l yi\ 

y* 4 pl> «> ^\JL^ J e3»U^* jit jp £*p Jp j 4*- tail jJt j* 

. « tilii J*jf J Jb(-1 ^ jrf/l Jp j j j£)t 


4 r 









t IfjyJli UJUij C^- J&\ U-Lp i JijJ jJ'y Ojl 

la** j *1*1 jl—* f «iii 4 <*U ol j\jf I jJttt (J) 

US' UoiU ^a* Jp U.itiU (j ^-S''j$3l ai* ii^*C7 V . tiji 
Ji>3i ,-&) ^ u'Ij ^Aj iii* g«£ V j ^jkJi oU* 

*1 f jLlP'iH oJU j$C Sjt^ UJLPj . ^ 

yUi «ju jij <, lyyij sju- jr ^ jUji 

j> Jp-j s.-SjS' -Vi! S-b-x*- k--S'ijS' 
y.jjk ofc^l oT J1 ^rij^l JUjT \VA\ 

jj JU# j iJup J^>- (j-ji'jj' (Sir William Hcnchel) 

• j» {j'ji,* ^«Aa j «la* ^j i *U—J^ 

oi. Iju W vi iitsi ^j m* ^ u 

«Ja . *jlJL» JjJL^ C..C •■j-S’j^Ji IJU J»S _^Jk i«ily* 

U-iip T^jjS” u\Sj . J»-V Ju»^ jS* y £ ^Jl 

Vj JjU!' 4 ***ja ^ V i* \AY * ^ 

, oiUJI jj| ^jJ 0^i\i £* 



frJj 

ifJWjUfcll 3»L <j» »jU^ j* (jg 1 '^ 

(^ oj . \ VA 1 fb •*— 

Jm jiT^ t * til •-*-? J-*. ^ 

f Cr ^ (*■** ^ • Jl«r 

l>xJt j* oLc«*II Jjl 


Jr 4 ' j^Jj jijJlji i ® jal' dili j Ojdl£-i -JJ53 

^ ( John Adams ) j* 

( U. Lcverier ) 01 iJJ^J J» gj*** 

4->il>Jl jJlji Jisr*' 1 Uf^ *' j3j"^ Utf ^-*i j *-ili j*j 

>Ja i> - J* *JK"J \At1 fl* Udl^!j i*%*++a J-J'j* ^ 

* j*> ^ J* ^> l Jj' £>. J Sx * 

44->Uj injJ» dili 4ih * fc« (3 J* ^1J 

»W» jA *L> fT UX£j . UsJLmJl K r S lia g^ JjJL^- ^ 

.«g;JUi ^Ll '*i» -*-i^j \At*i 

* T i"lj£ll JUit cjUtf'l Jl &\j jJ*i / 

• J 7 ^ 

UXp ^-«.dH ^UaJl j>y> J y~ i»> C J Jb* *XS3 

«JJl {JJ j^Jl t-i yt yij j jlW s^Jl dili 0^ 

. iS jrfl i-i"!^£ll i-jiW- dJU iff Jij . 4jnJLUI J>U 

o 



'dCCi aa JA-II JL V ^ U* 

I yiy Jm fjA «Jl Ul 0>\i *«- r; \j^. 

j—e Jjj~* l volcan i l) 1&ji * y*~\ j*-+ t-J*jf i j*-j 

JJ J* JJ* f •*** ^ jM J *jUaP jlJb CjI j-i^' 
y^ *yrj J O^^y jf *UUW L$” 1JL Ji* 

VuU £j)L* OU ii-xi-1 . jaii t— jL^-I iyd ***~& »U—Jl tj 

O.-'.H 4/^UJI *Jp J>-V J*oi ^ <— jJU— *jUip ii^-J j^-T 

. i*U)l 

l 4^>- ^ kill Vlf j*i\ <Ii> ^ O'i jlajt tZ*>«lf Jli) 

. Ji> cJj) iSJHS -by VI jlA (l oljL-t-Vl ^ 
Ujup : ^til Jlpi C^> jdl Ste-Al jsj 

Li jJto ^Jo* y »—Jb-t j\jj> Ji^Uj *■ 

? OljjOll ^Jp jLw y» l* jt 5JW o ja ^ Olwll jLw 

jt I«Jm £j*-» l*ia 0^ V 

^ ^>- t ot LT fc WJ 

V J&iy p*-U4>ly 'jiij jl jlS" t iJl^ J 

OLijdlj »L-Jl <J'y* jj ^01j>3 SjL*» ^Jp uUdl kiilij 
ylii ^jaOJI LfJ O__ r AC-l JjjU* y 

L^jC ui«^ ; JlJ«Jl ^yla L*Ip ji> . aJL» jP ij* 

c ^ 0^ uV^ Uw ? oU SJUdJl ^^*f**^^ 

jl j*Z**\i Up JbgJ y^J\ <iJt>- ^ l^SJ j oil ^AJ «j> jV 

ij>rj uj»»j ^Jp ^ fel ^ . S^iLi 

, «JLaJI ^jJkJU VJ*j j\i* ^^ ^ 



js* « Leverrier * <r. f u ^ obu-J 1+jlS 

•iiifj ^AtA jjSJ» ijtirf’l iJicii* 

j*jt» o- f U JJ ( Adams , ^1 oi) , .jLst jJ ^lisf 1 

*JbU*- ^Ui j >&\ \m jjrj iU:— Ijj^tj jjfii.^ 

.-i.J j 


jLn*S” Olil J L* jj ^^»mJI a jjh OilS" liJ 

^•j* ^ jr** ot T>A-; N uJU-U Ol jiO <i\ Jk 

• jc* *!■*> Jix j ^4*r^' Jr* ( _r‘ A - L * 4 ^j iijU* 

^UauJl jaU vJb o y£t Ji i-Jj-J' oUiyJii . o _jS3l 

OU ijLi\l i uJiii k-^jlaNsJl OJbtj ti>L* j^Jill 

jJIj# rw*; ^ ^-'^ ^ <**r'<j} * fy?*^' 

U>Uj <—J *^4Sft) Ujj^ ,j£x Ifci jjj-j 

(Jean Faucault) jSj* Oi»- Jr*^ f£* • y*U* 

4-Jafcj (jW Jjjl* Ja-^ 1 \A«\ f\p ^ 

'Ji. .a jj # * a ?’ *!»► oU^yJi oil 

• A 


jt « U-a 0>A> *yjtt 

^ij y* jNl C** - " **^ <7—Jl> *Ja~> jJ^t 0 jL*jifi 
«J y ji ^ J>\$ j OL-'z*^ iS j“ mM (j Ujliai# 

^ y jU»i J* tjul UUt»- Jj Jl +0 ^Jt J*.^ jt fi\ Ji <J& iaii 
• «*0) Jljj V tfz-' 


*' 

/ 


j>v jj js^J' ^ ^j» jA 

«** 




!<■<> JOlj^j u FouCault » j&j* 

ifi/i'i Jf£ Uau . \A« \ fl* *Jg+L )! 

.o*/i ij 6 £~* uf'^* j J^*- 

























Wy* J* ^ ^ 

^ 3 j»-^ j- aJxp Jj *5U ott SXaJ ^ ii* u u ^-=^1 
t)tj j»*}M T Jaij t. aXaJI iillij aJU.ll ^*1 U 

jjt^/ { j-& jix» LmUi'I Jb»ii*Ji 0 -LaJI iidl jjp / jli 



JS" ^ • j* i ji+ a jU»* u-T>f y_ 
*> j <* u *y 

cr-» tJ ' c^jJ *j ♦.*«■«* -*■>>- 5 m^ 
j Ji Jij \jr- fc*A tills* V *»T J* Jj< U 
alb <<l*i* — *i jyt ju ij;^< iHt* oL ^lil 
(>r *iJl .l*ti j jlW ^#r j ,/y- j>J ? j 

i—Jb tjwt jmii^S'j*- <~£± If <♦*'•* •Jj~ m > 
w v Ji <ijljljJI oLLiHuj.^ j*AJ 

^ j *s J_r- 

ijU >jlW u-OT jl** 

J£U1 ^ ^ Wb > 





\A^f i Ernst Mach » > J 1 ^»b jy!' J* 

, ».L *Ji £jj? S* "^Qf* S—£ 4-1*Jl 1 iiSISi' 

•h JjiJt jJtj» J** jj% 0^ 4j»wJb 5 oj*JI ^aS 

OlW**U J,) JyC- l y->.\ iiBi ^ J* 

* jJ ji)' jj C-> y*t ^Jl 4-£li)' 

: *\jj U 

C-** >U •■) yj»U J) ^kk Uuifr 

V UUiH ij *L-JI (3 ^ t ^«_jhi jSvt? 1^1 j jJa ^IkJb 

L-J J;L> 30*- Ukt^-l Vj 4. 4iUit w>> 4J*) 

ot t«j3 O^yJtl ^ ^JaJb . if y^l wUlfVl ^ 

w>3 **~U Jy- OliitLl QiwJi jUj ij* oJlij <!LsJ\ iwijj 

ijj^u Oj^JUil jUl JkJ ( 0*^ <j* J jjjj&M 4>UsH 

jl* ilJUil O ytM UM&i ^b^l^U-l i«U 

<^aLw» jUi^U \Jla ^ oU>L-U jji' <>* >* 

j j</i r ui W j*. ^ ( Immanuel kant ) -k>lS* ^JayUI 
\Va« fl* — Theory of-The heavens — I *U-J' b^lii i 
i—^jUft £>l ^ ili 0*-ji N iLii-l 

j_U.aii.iilS' UUL. j jS-'j I /J\ U diS" JJ y.jTj 

l — -kilT OL> y |^b J—« U-i J/ 1_• JaiIT 

fUatf ( aant - la Place bypotheis ) 

o jUll • jjb i*> JS^li 1 jj ^UiJl ot) J ji! j 



iiUiJ ) —<f IfiP 

JutS” ijJp . L^ WPw^t 4*jjt «JLk LUb i^J ( 

CjlJ (J-Uy »y-i <^i)l iiUI w>> • ^ Jp ij^iJI f jJ£ 
jlj4 f j^JIfUeu 4jt Jp *t)Ji (Thomas Wright) 

J CJIS" U j fjJl JU*t jl Jlicpl Jj jjJi\ Uf. Jailf (Ja^j 

JailiT • • 5iLsJI <—»jP * &>f fj*** IA ^uluf 

JnIhW jPj 4 4 Jj£M ijL-it (l)t Jj j,, —»*l ^sLh> 1 jjk J 

i i j^s\ jjl* ji j&ji i jb a^ju j o^t; j| jTiii 

- Critique of pure reason - 



—_» oIk,I jUi <> ^iT fool ir ^i\ r ttaJl o! , Kant i -UilT jfei 

f jf^ll Cf- JU)I J. OliL- Jmi U_* iij 11 .aI i* 

i—*lCl* C.-A1 & J 

t-p* t 2f-£LW JJ ij* hj *ii JaJlT J&fc tjl&t 
*—t jt** ( William Henchel ) J**j*a f LI jx~^ ^-»j l) 1 J1 
. <Jat U wL*' J* JaA-\ «J j T-U.U> i‘13 ^jjJ 
) 44 pUbU fjjfJU «Ju..*; J**j iBi J| ttLp^lb Jij*a ^JU)J 


m 




Vi-*- ) I oiU- Ji>- JT J* 

a_ iy . oULil ^Li (j Ol*^Ull #j* ^ JA jlS" 

d)i t>> yjt* oU-J)t oL-LJ C-*^!l ^ 

-*.^7 ( intrinsic brightness ) * » 

vi—*- t O^i>Ji jljJL* £• XiL-* (1)U U^ft y t y 

If oUl j-^JUSI (^1 j <*_—?- «Lit j(Ai* abj* 

y£ y . *bo^ JIS* t)lS" U^ - *it 

u^t ^j^f o jUj (jbU j—-> (J«i ; jvw* ^ ^ & 

p—* j UXp Jij-* OJ . ^j^/l ^ Uj*j ^ j V* Ul 

<jlJ ^lyill J ^Itdb **yy f j*\ *>1^1 «-*tUa>»^ 
I4-* jtull J-^lJ iiUI (-1 J> #jUaiff 3 ^laU -j 

•UfMl ^ l^i** ^ «j^i slLpl If JU-1 j #\ifl jj ^iJp 

• 

4 il TjUalo ^ UX#-j «0 u L-i 

. ^JuJi 4 juJ» Tj-ii ^jliS>V N 

^JL«Jb ti jjL*y Ti *?L»“ y T jS t* y J-i ^-a Ji) 

^ j4* y Tibil«-l y Utj IaI^vij U tj! yy 

& *~~y y y Jy\>- ( UW- WT* > 

If jl> Jj^ j W^* ^ (J j t «■> _/i^» ^ y£ y • jLp ^JuJI 
yjf j J>L1^1 lJU . JCUj ^ y L»J y 

\jS ^ #jlial* 0^ ^ (^ aJL^Ij 2*I 4>w» ^ oi* 

^y» <J JO V jlj | jUlt » U> jl ^aZ~u j-JjJb 

. j£\ jlial* 

n» 


•-f i»^cn 




1 y J y *iUJI Cjtj y jy*j Jr-i^M jCtii Jii 

{y {* Jl Jf ■*•" JJ *-»' y* f»j* j f—* k* 

j-i^H j£ifl Ji*_ . U—f J—i»-UJl oliUii 
y jl ^YAt pi* ilb J*j ^jj i^iwl 

wj I pj>.JI {y pi y I iiUsfl (_■fja I jt- j^j 
, kJI .Lei ^ SL^H i-. > ^ke . ^ 
j » j* i^j ULjI b-jl^i' l -u j v jj 
( • -> j * ) J^d 


i } Ka ^ N A*W^U (J) oJa jJp 

(Cleve land Abbe) ^jT- d^LlS" 

^A) 0^/1^ j~A+£ b%-^v<? #j_^aj j 

jjijA (Ca ta logue of Nebulae and clusters of Stars) 

iW-j. Ul uyi j ajUI u^ J) <L*jhJ^ 

ijj-Atj f-t-Ji oT ^jk\j x t*J c^juli j ^JtJt 


vv 



t JJ I 4 JU* V ^Jt ciJJj 

l *yp ^JLJl l*t . y i-->L-^ i j^l> (Jails »yjjt 

jt £i)j y J\t . Jails'* ^ £• t»Lc <J 4 & U l-U j i 4 iU i 

j^- (J*a>*Ji y oi>*J> jj-SOali j ^ M i if j] 

. JJl jt ^>- t«lf O ( 1 J j-Lp (I)^a!l 4^lf- 

*L^iJl ^ i ^^11 iJjjijJl »j jlf*j 

V**V* * jy^. Vr* l*«^ <J 1 _rt" <^*^' V>* J 

. aiUJl w* J» £» 4> jUJU i ^w» yJu ^xJ\ jt> WUll ^kjl 4|>-J ^ 
^*^/l iit-lb jVl i d)t U> ^JLJl ^j>>- jj ^Ub 
-iii (iili til ; -&T j Jb If U* jTJLJI J^ai? 

jl jU J** Jej OL^^Tblijt Oj-^li!) 4>-j 
•>f ^U> ( Har low Shapely Work) + 

<j J^l^l ^U-JJ J> Ia~JL« aJLJl j y k J i 4>Um)I w>jJ 

IjU ^y oiy jU 1*1* J j *- 

. ^r -t If 4 kJ-'UU-Jl jtJdC^ (_J jAM L _ i --^* I t * U «P 0 ydj^ 

JJJl y \a tfjJs *)l ^ jli Jj 

jy ait OliU.1 ijr^' l|Sk*ljj dJULill »UJU- 

aJJj jaiUlli . jjkp J oLuJ' «JU iL^jT ijj Jl£f 

Ju*ll IJU ^ i jli\l y «b \j . oJj UJjJL^ *1< jU jAh 

JjJ£ <jJ* y «JaJ^ #«JLaJI ^L->-^0 OliUl JbJ^ J^ ot Jl 

j yiJ ^ Vl O yiil OliLi.i 

. Ll^i iiU-ll **tJ* ij~v UJU- jlS" ijl 



U&. pJiow* U*. JxaJI oliL-ll JsJ 

au * L*Ui- j~ki; ^ ^Ji 4 ^ ift ( Paral i ax ) 4 ^)\ 

u& J ijUi- J^So ^ -u» )\ *j 3 \j JU iijjM* 

jj > ^*d\ j*> j~UJ> U 

Tj " r^ 1 ib 3‘ ^ '*U v-^ i^ii >> o-bt u ^ 

v>* Or*/ ijrEj'i Up oU VJj ^Tt Su*li ^</j ^j^* 



-c- n« u -^i JA* V ^iii f _^jij ^jji o| 

*> ^ 11 j*^ 1 c^U' ,> ■‘i-^ 1 iS^ l-i* j—i Vjij v>^ 

. V-»*> usi ■** • jUir U* aC ^J^\ ^ 

^ ;aa< - **a a ±^w\ aji b_u 

cfl Orf L ^J 1 ^ 1 oj . Iv^j-tf' j M31 Ji. o1 v «il 

j^s 1 - to J1 J—ttl_LI ^U, 

( cM ) v» 


;j*iiJi j,j\ j g, U ;v? ^u. > ^n iji . ^ 

^ -> <y^ t>“^' ** 'j^r- i *>— > gj I*] U Vji \a » 
.*>J^ jiA. (^Jl y. <L-rUJl iiLil v l— j. 0 C,-^ J 


\A 




*1 jt ?I u)j JU) O-Lor ®«IpIS ^jS' ^k-» 

5j y^Mj y> fi\ j'ju j» L^£ ^U3l J'oL-LiJl y x-u!l 

jy& Sop l i jJp jt-i' li* j**j ^ Uxp ) Lie 

y*) Vt i^Jp J-^ ^ 0^* AiU jopIsji 

p»J -U»j i~*“ 

<_f j t—fl««fl)' i— * a n/ir .4 ^ J^lj X~0j* y L* 

. JaJu ^Lal' 1*1j e*i* if 



^■*• 51^.1 4 JL ^ai yu O' y ,J*^A iil—i' Ol 

*-** jf 5 jt^ p- 1 - OUl~* iii!L» C-Jj lUi> ^J>\ jl£L 
aJjJ>Jl Jijia]' ajjk j}j '-i* iXJ>- ii t—-UaJ 

uj’&p-' 9 ii ^1* ^ j y C»\iU-il jj\4 OliL»> j) m J£ £_h:-' 

. l^» iiUa^» jj& ot y J^L J * ol^* 

^U»C*»I ( £s m yfjl p j4 ^yrj *UU3i 

jjj T jju ji^*~ p#*1* 1 

a *.' j ^j£) _^!' jUJ!i oli dJUi j 1 *XiJl ^ 




(*-*' Vfc''* ^ dJLi; 

£* t-^p jfo jma j>> ( -U) U-i ( Cephtid Variable* ) 

wits' U} iiL-ll ^ oUJUl jju iSy^ m j t oL** ^ 

. uUilt aJLiJt i j / Ja l i J>-\ j]l Olj p/«-*»- 

^js»cJ' wil^l JU) 

Ji*JlS ^a |*tp Jmj . iJj jl^-l £j \jjfdl 

£jla** ^Ju OJ ,. MSI * t-i* oC*pj 5JLJ—It it JU ajif 
i-Li]t ^ 4 l ot >iVi ^Skil dJLiJ^ W ^ MSI 
jSJ i ti* w-ij u s^t ( «aui 

, lf«j 4 WaJjmiD ^ »X* i!*V-b a jjfJil aJL» Jju < j*fi 

; ajl^Jia jImmi! ijA Jl^ •S" td?tp £11 La 0 J 

« V £«£ 6U- 0 j~£ tj a-L* jt 

J—|V* Ji>l <J+ . a-Ul -b*^ (j w*y ^»-U Uj-I 

OUL»* Jp-f ^Y® — ^YT^Ip L* (Edwin Habblc) 
t-U *aUaU aJLiJI ( jmja 4 ) l> ^j-U- ^ jt 4 (j y>^> ^JU> 

U ^jJU ^ tiUi. xlt ^JJUi -i*ij fj^ Ij^-j , i^juJi 

4l««u OtJ*j^JVt OUJUb 4 j jli <,1 *^lalw 
a j»*lt ^ 0U*fit Vr** ^ itjLI * jt $ M31 

■ iiL*ll tj] a V^' 

Jp j^k iMi ^ ^Jt i»Ut iawJt 0[ 

tJ^TG Jaot JP Uuoi? ^Jt 4*LlU ^ j jifJt <-> y 

pxJI 01 j * t* yf UL«; iiUil ^1 wl 





. #LaiJi ^ fUN (j-ii Uj 4-£J Ot^f jP ejU 

OUL5 ^ ^ V.y- ^>r> dlii 

* ^ J»UU)I lf-_ 



( The Dumb-bell nebula in Vutpecula ) £yJi l-i^T O' 

(J* jTLtH Ji>* *j-a-i Ij-Ui- fb-^ j- ^-ilj :j>-u 

. pUI J£a; U SJj LuU. ol ^-LU iiut 


: * yi& Jinl y ii fc .J.1 CjUjImL) 

01/11 til Jk* jy*y s* •■j-a^ j*. Ujup 

Xp diH* Lij^> a»ia o^/ «J iij jkl 

- £ J* wJ* tf*iR jrt/l ^rii 

*^XJ JuiUJI £>ljrtfl 

0^ 4< g 4 ^ 1 . w^ukJb jf 

^"JL— #U*il dJJLjj i *_^aJI JJ^w' <JUll ^JL^b bijjj 'V 

«J«-» pjW C-jJ <,S w_yw ^.iJt <LU 

. 8-b-l j jJ-—It fljjk ^ J] . >\Ii 

V 1 




tit—* (J* 0jl J^\ J* J& b»JUP 

i J,*.k ^jOnJcj U-Utf- (^UJb j jkUoj Cm (jl^jt IS T* jJ> (jli JULI 
^1 $ IS i>uJLI Oljrtll U ^ V «j*N U» 

i>lii ^ ^11 SiU-l j»^laiJl V-b >JUj ^*-$1 

jl* LtJ^j . *bj*« £ji oj^Jl (Jb l»t Cm 

cjj» ^Um*J *^o)1 \jjk (jl Jft ^jA \juC' jUJl UU (jli JjJM 

(jl£* (j Jlib j ^Lai^Vl <jl^II jfJJ ■?* ^^ 1 **! •>» 

li£»J ciwkJI 3UU (j (JuUI J* ii.^7jl jJ L-i CAiJil (jljrtll 
y^LJl jJp Tj^bil (jj& ^jsp^l (Jet i*l ji Ji*i 
cJ^bi- T^ali (jj^jj ^ *^iij S^JUall 

. pJ>Jl ^ L» j Cj U 4a»I J I (jljl^U ColJll il jli JbO^ jjp 



^ w>U-jll Jjt w.«*■ Jf»l«tsN fl j» >S*U «JLTj» Jj *J^JI JJ^ jSsX 
*1-1 ^ju •■* jl>t > >LuVU^ dial i*Ji . ,5-3; 

j ! ^ ^*-$1 *r 


YT 



Tjbt Ot Tjuj ^xJI C—-y U-Up 

£BUa I ^ «—»_^rtfl ^bJl 

Sju J k ouU *\jM *Ub ajJJt J,>>J! ^O; til>1 

^i»-^II j* ^—t Jpj . j* SJ-V f- 1 -^ <0*- J1 ^ 

yi J»l >VI jLO. jl JyJl ^ JjU r xJl «JU a^^jd! 
j^Slli A4/^la)l «-i> ^Jki CJbUo# Jij iiLil £* L_—*tw* j^»-^/l 
iijWI •Jkf jVI Ujd ^-ot Ij^Aj , ( <1 j*d.l | 44/jb 

,j^jc V ^Ji j ex«tJi ^-uJi j*- uloa ^ii a*LJii a*aji£*i 

I*a£a j , ^JjIa i)ji\i £A Ajai\j> aiL-ll jy*Jj 5yjsll jib 

aiUii a «yi sxjb*- aud a^uji out-ii ( j>-t 
•jj** p-o 4 j vt 

J J^oill ^ *»- J--- L a j _pd 1 #-U Jil « j J*-iT 

t (iy-t i.bk il/i/Yi *J J>U jy U jl Jm UJ iS j~*>j i ojU^I! IJl a j* 
— *-j 4 J~> 0*1 _yl Oli ^U>-t COitf'l Jii 

cjw» 1 ji), j>yjii jj^i a*u- Jp ^Ljj-^i dJu ^a; JjU j~js 

. dj& |*JJ 4~-i)b a^^Vl ^ J-Ai OVI ^L.j^/1 ojjk 



•J>illl uLl OjW J^lil jflitj Jjd I i-Tbjdl 


VT 




w ^ wii S ; Ji-VJ J] >V* ,y 

’y~* >J*J' * uj^WI j *-*^*<11 o*lj#ji>Jtj C*tyifl *uK ^4JI 


J*-i' j* mJU- 1 ‘ill f>* <-•>*' jij ,^-iJ 1 

if U ( ^ * 3 stj 

vt 



Lj jJ vl^»- aJIsN • ^LSD j jUaIh* oNl { y^- 

J^<£ UjU L£J j J ijU.1 i*«^k j ijj^ 

JUUI JftJLl jj*-\ jU iiiU Jj . J*j\ JJ y: u\i\ U* iljL, 
^>UI ^ jj53» ll_,U rj-X hji) yj f J» ^ Oj£)' f jIp ij 
j* 4*yJL Jk j\l J1 *JUi U J Jji-A* ij £yll aT^L- 
\*k*i y~> jl Ji V Lp ^ y jl JJ . aL^U ^-P j_^pJ1 

U jl* £*fc)l j yijt J *b jull yt 

»ivJ» 

: *>» 

*jLp *ol> ilJUJi i^LJl j-tp £-b)l j y&\ Ailf- j C.--1 
<-y-li* ££ jZm Aj^^iJl oJL* jjj ^-Ja ^Uil JP 

»JU J CJLa*- ^11 *b jjilt J a^I J J*iil\ 

— James cherk Maxwell — Ji^-Tb* ilj^T ->- A»t . 0yiJl 

lil—i*l ^Ip * SjilSjk » • jj>ot J J-Jj 

U&l J ^Jbf L^a Jlitlj \AP^ ^Ip y\ ij AjUgJalt AaJLill 
. a—Js {f »iJk Jt>b^ Op! Jij ^AV ^lp joib L&Lt 

Jj^/I ill-^/l mpplj \ANM ^Ip ^JU^IS" JJ illi iw J25I 
. > AW fI p iy J £U JUs a-~J» yfy .Jl ^p ^Jl Jl A; 15" Ul . *b JjiB 

J-*i^ 'if AilJ sjjuu 5£j—J Ji^-5"U aj^Iv j| 

Jp- Jl&«l «b-l yfc »jb jfji jl ^kuJ Ikat 
A-Jip AiJi-l sJLa Jp ijjdt Aa^Jk j| . Ji^-Tb. 
^ ylid'j i»jia) C-*^P -u) , J# j—S" U J 4 P ij ji>U» 

VI 



£-\s)l jJ tjlj (J fjfi jjj CJj JL. ob>*«Ji 

Sil—* U^Ij i^jjl k _ <r ~ij LA Jjdlt jyEpJLjl jt> ^ 

jt ^ laSU^i j'-Lflil ^ 9jA) jUiLtff j UjjU 

, -U; 4* yn ^ OiJlll 5-^ j j^/ I ^ 4-^liU | <J-yL> 

J 4j 9 y«!l jj£j i-ib i4>-J ijijyJ ^gkuJ 

Jjy-S*U ^rl JU] . ^yLit! L—-i» I*Ua: »illi y 

« Michael Faraday » J~-« Uta^l ^11 4 *Lp 

. <-—-1*1*11 ^ 9Ja ^ U 

ibid* 9 j2II 4-ULc Li^jlj <-—-1*1*11 <jt—* OUi>I Ji) 

Jp » <laiilt J *t jt yl*fr P**Wt jJ.551 £*a? 1 t j——lai*<» 

I—-L* SJlpli Jl^£j Vj tjlb -U*< y»T yP i <1 jf-* j»Pjll 

^Jl <J}bJl ^b^4$!lt jLdl wA ^ ft Uxpj , i^Iai <A 

y wya'U ^jUJt j^rit <jt Oa* <■—-!> t*lb <lajy 

OtjLsli jt t«ajl J ^jj £-4* j ^jp 1 4?j^ m <'«^y 

. <—»l*Ln« iJjAt If^bo ^ yjj lf-i*> y oylt 

Jp t-<9y Tiyu jLJt vJ»L^*( ^jUpt -lit 

ji-?V J* - ' ij 4 **' -^J fc jijV jri ^ •-*Ij2l' ijill 1^1 

<U*uji bi—ii j y jLJi y*ia < « -.<! <oi»Ji 5yi!i j U; jjgjjtjji* 
wilf 'ili t y^JbyS* j;*^ y U jTLJt £#jlJI <JU- UT 
SyJl j j& j UfV. a i/ Jij'rN V 

<crut »b^4^it sy j] t _!^L. jt-biit ^a 
^Jai U iS^Wt £~0ji tipj . j\jji\ 

. vJpUU J &LM Ub J&\ ^Lat 


VI 





magnetic field 


I current 



jLdi j \ j > jaw >>«. ot j£±ii jfr 

J»-» j£-Ol l^o-O^* J* (illiJ i>y rj 

Ue-U— j* «*li iiiU !L+-i«o Je jlilu ^ 

jtj^fU ii,*T ^ >o ^l j&JI U j—-Mall 
»J— 11 W’j** 11 HjWI 


crt 1 ^ ot LJp JuUi . L> T^l ^ £j)i ol 

iJLL- M-llM jl t *Udiil jS- ^Uflib iiy-w iJb^5" O^-i- ^J-* 

ijU v'u y- u jji <f-j —> o*jji #ju cSji lib t u 

^ Jr^ Ji->V <jri ^r’-^' *y j+ J* •>** 

j*« Jl&V' J**l ^ <il >o± iS *jV"J ■ T ^* T - 

U* Ut ^-JeUll f\k)l Ji <cTUl eU^l flK 
o' Vi £ jl Ji (j jl ^ kui Ult ^ Jl JpJ bk c «p^Jl 
iJbj^^JI &y&\ 5j>-Ij oli lo£»j , jU m c JI ^>oAw 

£jy£ wy«iib AmJ^LaLI «- J tii Ol <j^l 

. *_^l 4P^ 

4P ^ <it iJU 5U* 


4 r *i»Ln* dy>- ilVaj ftJl r ji, i^lii ,j 

Cjr*i)° kol ^ J *y£\* itjaj jS'jPj . i jJca UbjjSj 
♦o»-lj ti j\aa Jjty : *—VtJl jLLc * j+ ^LiJ 
juu y *ji' sju-Iji jyjiUii ftjjS) 

^LJ olllt fti ^Ul t»T . * yji>\ isj* gjt utj US" OUjl^I j!l 

ft^iJI *i j£~* ^i!l JA ji\ ^LS JS ft ^Lft ft ^iJt is j* 

. aa jUa oL* { aLu) 

k. ^yjO (Jl ^1 j> t t*Jl j 3U»o f kiili ^-u 

^ i*-L* i ^-ijii ^>- J ^ci£- j* 4ijijj 

^y— j" jt ,^-JaJl ,j*» lly*sll jUaill ,j ii-Uftj jS"Ul 

i—'U>- OJ * l> il&U <j&j t J»j»-U Jj^fU jJl ji 

CilS" If JJ ft^wi)! isf* 4ftyw j Utt JjjL" jri • jiB 

jUJ ^ *^a)l ftp jS Ul* <j£) J j*a (J * _j^JI is j* 

ij» j ft^iM ts«i ^s "jj ^ ji^^ru jjiy oj. ii 

jt ftUb jt jlUiil »Ul> ftp^ 15 * ^ iwjf jlAaii! 

. OftUft *Ub 

jlloft yv ftpLJi ^ jLftl ft#^b is j ~j y--w t^K ft jf 

is j*m J al^Vl ftpLJI "5U <p ^— j 

ilibf ft«Ub«f j ipUJI ^ /U Cjy~*i t js j^l ^M wlb 

ijL-ft ft^»-LL* (Jl jllaiJI b jft^Jft ^y» lljft«»lU ftftpjy>sl— 

ftyJftUwlI 0 ^ftJ' U#> Uti . jUaiJI ftp jtA IfJj t»Uo^ ft yj^\ is J _ i 

^ U<bL> ft-Lfc 0^ * < ji»\ jSiV^ t«i* jjp *U# (j2f ^* 

JU J» iafti jU V j <j U.LU l^ft jllailt 


VA 



jt jUaSJl *1 j.* A ji}\ J a» . 

• ^ ^>1 j \a . Uu-'j 

J—*■ 0\fc* jL^( iJ~UJl ^Ul ^ £aU j* ,y o i 

ii^Ui oi. J J— ; Ji^*'-* jj'yj ^ J 

mp j* i_a j£l .ydl VjiJl liljal Iaa ^/* S-L> 

f iiC *ic-^ li_^ p 1 1^1 jj^* jj j t * 

U k ( J«i —1 ji j.Ua- U V 'ilk* 

• J>ji Oj'j^ £*• ^ £7*^ (j 

*Li*Jt liJJjJj ^WiJi tlJij o-u lc j 

*1^-1 ^ ipj«* * 'id i -l*j • 

f . iijLL*j -UU* a[-A Jj J j* <jkjVi jl jjJ 

0 .j—l&U ^Jp -\AA\ ^ 1 p aJLa *'^1 

( E.W Morlcy ) o-U-L^ 4 (A.A. Michelson ) 

• Of* O-• «U> 


^jVl ^Jp i^jb^dl *0 a < Ji* *1 ^>>1 ijju ttU OLv ^illlA j| 

4P* , L^'^ , <^ 4pl*0' J ^L* *\ * * 4£- tS j>Aj j'i/k 

^L** \A*V * • • ^p j* li»«»gi J Jm> *5L»* NA y/\ 

#\i£l j a j xi.^ ap j* (^ <c liJIliA otf* *iW . o ill (£ 

. .0*3 b T.l>- I j-*~* 0 l«i* 0U -UU> obf ‘ (Jj ji\ 

JJ \ j —» i^zlt —>■ ^yil <3y*N 0U ^La^-I ^j 

<i^ r 3»«Jl ^Jp O^OLftll ^-l ~x , v .»^ -ia> ^j > \. 

*jj3\\ I*.j+ £ «il" * ‘ij *& IjJL >»jj <*jJl J aAp 

0* 0^. ^ J>\>* t # />0r* li^ Jr^V' 

s *rr~' j-^H 



4*J -J jl) byjcll »A* 

jtj t (^»5 £S tj ^>-V' »Li^/l ipy-J 5 o-l>JLI jJ'JJJI j*- 

. i j£f*CA jt /j-ilj J..'—-Jl jl j< U* -.^J <jl? * 4frj+ 

,_Jj^k!t C-*ci j ^J'yi ***■ j+ c^LJ 5 

. UiJbr. jTlL. fUt 

« Albert E : nstein » O^jt C-^^jC XiJ 

JUS 'i/ <jjv» (J *>■jjJall J^lii.1 Jp jt 

^i^lau i*L^> «Mi jVl ^^ UT dJJij 4 »^Jl ^Li iJ. 

j| . iJUiJI 4-j*'ls*J SOj.l'*- h^iaj j l «Usf J-i'JI cJl 
. aIaJl* Hzij JJ ^/U- <U ObjisJS jj£ll 



SiL-LI jl^jU ^1 > J.I>^1 jbj, ^ r oJI >- <jLWi JSJJI ^ 
!/* ^ LaUh^j 4* j jljj-J** uli-W U^* Ji-JI j JjiJJl l»t 

fJr Jl£|l ^ Jll>1 ^ J* .UijJI f l*JI J* . Jm» lijUll 
j-T *-»3c295 >JlJ» jl J* i-tjJi JaJj 
if t>Ui- u |j _ ^ u«4 


ih'v 







j m o t f 

■U Einstein ^ I«-i» clisJl U.u* 


i'.jj , Lu 

j L*^ j* ^ ulT Prinston 

«jlj J 

■ ,/« ui^-ll ‘ 

— Jt jU i ^rr ^ E- <i _>.* 

.lij-ill 

ULUI .Ijr* 

|M o^jj ijJii jUiV iJli UjU j 


iUlS-j 5- 

iJUiH J*iS fc>1 

t-f u 4«_t 


M 






Jl'I SjasJ i ji 

U ( 4_*; J\; 

(j;-iJl tS jkJl jj . ^l*Jl jU S iS y^V'j ,jj; 

L-* 4,jiJl yj> 0 . ^[J 0 ss J>l/I ^ 10* J 

^jv».UJl jU^I jj! , *j^t}\j (Alls ^jjJaj tiiJi ) (iJJlSLi,! 

*j\\ ^kz-./ ^jA U : Jljl Jlj-Jl Q Ja] 4>*;Zi 

jUM* U.A rf- J ji.- ww ji 

^J 9 ’ji dj^i 01*^1 ? -l>lj tj*j J ji*-*" i jl«Jjz* 

J j!i jj * U jj? 4 V JUs>l iSj** t j*":' 10 a jjl* 

OLijVt ^1 ) J jj (j 

^Oii a***JL tiDi ^|*ju ( <>—oi^^i L^*i i-jj>- ^J( 

oLTttjll JjiT ^-i^l ji aJIII A**UOi jl —tJI a*'IjL* ikl *“ji lz* 
jJ ~I i __*"y Jkj j**;* a—J il i*.> ^5*7 l^» J&j 

^ij 9 (J] 0 «<-l A ^Jt wiolji-l l - ~ j' U . i y* 4 '^~~ > j‘ i J 

*■ iS j >■* 

O-o'jO-i ^.1 jj S^Si ji, j^i ,_jJJi JjiMl ( j09*Zl\ j;lzOJ -**; 
i* 1 ^ J • J*\ (j *J • jO-J 1-*^" C—>;1 


At 



4 )«JL»J L* >A *0 ^lp ^3 ^ 

(ji* L* ^*^■1 <J -i>-jj 

l>-^ j'jjj ^j • **UJl ■*** ^ ^ *3lif!l 

. Aap l^Ji i) jJiJl 4*rfl jAj I bXj J 

«Xm «I»>liL-* ^ t^lJ>-^/t ^ l >‘ at Oit^T ayu ji ovi a*j 
jdl U* ^ jW3' O' \A' <^'t Uj ^j • u;^ £ l:< : y' y 
. i^*l »^j 1 j>-^/I oi> OJ J y.j jl ^U> i*L*P <j^kj 

tljpl^A-l J&-\ *j*3al» 'j* ouyjj ijj J^lall 
*jU IJtol lijj . ^Ip s_*9l j* (Ji y* jl Otf «Ool>* 4/lai* ,JJ 

a OljliVl gji O' <! ^ukl™i i_'.4jJl < 3 j-J 1 o*i* ijc'}^. 

j\ Ksy* iihp*« Oljl.il ^lj£*w*l *^3.1 . k^f\>- i_*Jfc1 

SJ* OJj , i'jLwi* si—..3 01 . i«J 

*j.Vl *_-*i^.j U*Up . £*J> j pl» IjC j OljliVl ^y 

Oj^aJi 4.*L—i jtfj'l v-j jJ> <Sy* *W ^p a jLa>- 

Oj^aJI i> j* oi J^!'u ^ ot j£r >5Ud» UU JjU 01. d jil>1 

.A»-l j <J^‘ i ^1 sli-^ j^'ai j *5p y ^jP 

sl.^ Sjl-i^ll »_^«.)'^1 j &*mljll «■ ^a!l liJ ^4ib 

W-J TpllJ <w?lp%ll 4.^., Jl J I TjT^. ty *31 J^: 

^p j 4.4 ; ~.j ip j-» OjJ 1 ' s_...— > j 1 

01 -U3 •. ^JU I 5 Jl ip y 

*■ ^*1 jzjl yj o-li-lj »jn^Jl ip^ <c*l^l 4;I^i3l 

Ar 



oU»-lj \ijd- j 01 /,£sX jJJUw 

* ijLiVl JOJ 

j* ij jTL- p UaJpO j-J 1 ^ UjOl 01 OVt 
OlOO") y0 JIIip^- ja j <up T*uy iJ ^ jl^^j 

0U>-^1 OW* U^^Uv* Ua-vs» U^-l ji&ij ( }w* *l^ji 

Oljlij j' 1 +yj> J^j' P O' 0V1 0 p jiiJ . U>-lj 0l£» J 

j* oijUVi oi* •. UL-ji ^i#y •—» 

OsJ-Jj-a ^l^u’Vl J*i 0| . Sj y»!l Otijl \*a.>\ p J ^..-j <—> 
41p OjjI j^-\ (JUJ p iJ1-lSUj . w J:p 0^>- 
OasI j>- olijlj 0«ol^^1 oJa Oliy .i>A£ 01 |l 0) . lj 

lS*J> Or- L^' «0 p131 4j*a! O yy lil ^ Xp 

. SjLiVl «JLa ^.iSiul 0 -3 ^ ULfr-l., SjliVi Jl-jl 

Oib 0M i > j£- % jyAi ot ^ SUpl^Jl «il*> jji* 0| 

J ' •OjjIjJ-I J*ljj <iS [ jZ j£ff aL-j ->_«*-J J;*{ 

o_Ia o'i (^^>-1 <*^-U jll oUa jL^-I jA tO~»*Jl 0 *ja 01 

jJ^\ ^ j>\ 0^ L*3!“ ^.a«j UlC 4>jU^"l Cn—J a4pli)l 

^ j<+£’ 1 IaI a-OaO 1 , lilJcuO j Sjl.iVl j ijz* !*• ^lj 

<—»»lJl<-jij j : yUJLl Ja^ •uij- ^amsJJ y~* ^jll ^ <0^-^ O* 

JUjl j J^l«j 'j'j .Jaj oU tijl Sjl^l P 

u#t JaU; J um ijLiVl «jl-V 1 

jL^l ^Jall fjl 00" bell oSa j* jJLi . 



j-j TjjU. ^UJI 

i^i iI ji~\ jUj' 4;4?*;) l*A»- $4*1* «4.>-j 54^li 

y* j )a^>y» J* &at»- y j O' jL»l j . S-Xajl 

. 5-U*Uj ilJJj JlJc**Vlj jL*jVl 



t*L~ J* jUL 4" ifc-ti oliL- J~aii V jl*L» (J jS j-s»* 

olit«« jl»LLI J-j L^_»- Jal * . » » ; '■** j&J u*J^' 

*1 jjjJl j jl^iil &• • J~aj\ ijl* Jlsll J-j-> J* J *JW-L£ 

- o-'j ci Js j £j> J ! Betelguse 

Jl Jli «UI j JJUI OjUiit »—_> Jlij 

A»*ll w-J^J 

j p j& <y -y’ u^- 

U r li a^.-J j£- btf <—> 3 P jll ^ ^ 

U r t_ ; -j i*£jl£j.l yktjlaU i£l&» IiU<?y lJa#u O' 

A« 



p 0* L\ffi y +*>■ jf* l ^ ‘ iS'y^J P W 

ji j>/ysj u+‘iaj' j* 5j ^'j v ljl ^ j«i w/ ®j'-ii j-j* 

e-lf-li i_ «>t 3 p (_^1 **p?\J o'-ii C . £» : l U*U* aJL& 

j .k>/^ y> P <u ; *j U«~*- i-j Jp ^-l&j Vl CJ 3 0] J yl\ Lj£c 

j^-w* ^ <1)1 i!ii J* . t (s.a*-i_ j 4-51^) ^l jla^Vl 

T*l»- aLxiVl ^ SUPliil Ui" p ^ 3j'-iVl J^v»j ^j 
J; (!•-.J 3Jc'i d)l tiU UjTi 1 :a 

su^'iSi ujto ij^aj *l*j ~ A ^y jx> ~ y o* j 1 <-’’ <j*y* ^ <j"*“ l3 
<uJJ iotall 3^j urtV" V ^ ^xiVJ j jr * i£\ 

. p UjJb- 

Ji- jt Ujy Ji J*pt SjJij 0U ti!!i J* ^,,0 Jpj 

t»j 0"!ll t£y kit ,J^• Jr*^ <j^ S*^ 1 ^ 

K^Jis j Tj'fSf 4 jw ^ ^ j\ jfiJ^(L \j (_j Jai 4$*-_j] 

YAs*- ^y.ij J - P «Jjlj!l Ol jl*i*Vi (Ji iJLiiJ' 

u:*^ 1 u*s ] ^ <y u":^ 1 Cf^ ^ 

^ L. J*\^!l jit^-Jl jt_ . S.ApUJ Uij ^ e«U p JJ 

±>*.>**0 <-*itjuii o jy> o' t^^'i j --^ ^ •* P 

L* 4.;^ p JJ j* 0'3jNl jt (J,\ Lij' (J^ju 

Saolil lii j ^»jI^L l «Ua Oli j\ jp (_j Ol^j.vJ Uaj' j 5 —* 
jlj LU>kj ol J^e-C—Ll ^ 4j 1 (ji^--i' 

. ^4P Jb Uxit Jilixll 5-L>-_y!l 

K\ 



vdl d ^ 4 P iAjP j*j JUfc, 

a*^ j1a£* J* a..a*j v J* t Jj^ 

j& AC-J*; jS-AA'i '—' J P o^ Jld.1 J-*— ^_ywJ,. ^ P Cm u 

J-Ja? «ttPJ *-» J P fc ^' Jf O'ji I v^* * P (il «j'-iVI A** jl 

O'i P Jj ,y *-» yj J^' y JjbAA>' aAtli 

»-* 0^ L t?* * J Oj£j £& 

SjLiyi O' d~*- ^®d' Y ;® <^' j'~** jA’j ^l^-ij'i/l yj 

«-> Jj y jrj <j*j P ^0*"'i ol -^J ^—£*»l 

. aJU Y ; o ajIJLi* j 

*—'1 l^'* - aJ'j t 0e-ilp jl jVl yJc) 
£*A>- Aft (tl!j jN \JzvJ 3AjA*- o jlil J*-jl wJ j< A7jl.il 

Amj^ j'-** Cf *j ^ (^' *— 11 4 P (J^ OI_p £ ^A* wUj 
i«jjT ia*xjI A* ^ j p y *$&' j dj ^ Sji^yi Ji^ji y j 
A«iji ijji-.* (jiilt ^i^wVi iii«*l) tjftu^i 

. oljJ \ * (^1 Jj^l ^l&uVl y j 

A.JUI ftjL-Vlj P lU <—< d? A-'^Ujj d^ yi 01 ,jAjX) 

*— 11 J* Ai'kA S _}Ui if UlbjL^I j£f^ p y C-i> ^l! 

ftAeli ^lA?*w*l i'Jbf *■! J>- L ^j: . ^ J] j ye] p 

,j^i^ *A>-t; iljj J p d? y j •Aj-W' ^5 

£~J Aft Ai‘jU-1 «a* 01 t;L. UJ tU/l^M* J X V/\ 

^ U^ 1 ' a - J' ^ & j 'A^J • ol y ^ jtr p Ji j* 

i*iU 0* jjA5£) jA«, lu ^ill Cijll jitoTftAplJy 

AV 



v^VJ ** p oy.jJ ji JJLflJl j"V TjJiJj t Ly; 

^ajUIU . p OUIJ y f <-i jl UjU* Aa+jj Jt j|; ai 

. ^IjUpV' J yij’-**^ •—'j P ol *aJ>*- j Ur-,^1 j 

. w-> J P Ifcj <-A^ ^ <3j!*N yU O^" y tJUjj) 

S 4**—j ^/-*i jl^ly -ilot A>t yliiil U*ji *^ 
jUJU- L*,-U t yOU a-^Mj U*j^ 1 t ( *^UJl ^-j-w jjli; ) 

^j-Jl «rU J* *u:*J UOb^Vt p>>- l*t ‘ «J*J?p»* j£u jUjty 

ap y — Ajijl-** U—Jl pyJl C.U5"' j^TAll Jlii . U—:IS 

34-jJI y jJl j' J:?* <j' U»J . *jUJl 

«jU»j . To jU*f *3^ °Jj^-i y jJl yLi y ,.5"t jj£ ; — 

*-' of tj V 1 * Y “ J ,a <* «-* J* yl&Vl P tfj 9 ^ 

aj*A> y ji <— 1 yl£*>Vl p y*yj aJU T W.«» 

aOrp'i JjJ«j JlPj jiy A jlJijC <r.y : — <—< ji y>. j jiy ^« 
jly 0 A J Y -U-yC p (J) Sjl^i^n <0jp (jsV - •“** ^ yUUl 
’/.Y o ) <Jy yiiyj jly t jl»Aibc ftili-t aJ a y l# Jo p j 

« aJU 5 y jj^ •&! 

j>ri U iaj^JJ aUy-j iaj^U 4*JIUp jl Uw>lj jt)i *_U 

(_y > lx L ^ A*»Utll Uo I^^1 ol» jl j Jj»j ^p aiUJ Uol ^^1 oUji 
Al^iil Ja^Ai (Ji y» U laJ |l AmPLJ. 1 a»U ^)| . jUil p* 

♦ *^U]I APyJ A*>yll yaJL^ijl jA j <ti#Ux j*i/l 

yl^wVl p yPp y JjCJ? u CJlT* JLil! ^ 

AA 



^ 4»uLi W v'U »jUi* w J* Jjl/i 

j> i ^ \ -J- * ^ X ( \~ Y-^- ) t/jU; Ifuje <Ui; 

t^4uj jt *^*i)l ^!t SULI ^ «*Uj t *jjA\ if ^ ^ 

^j J*^>- 4*1—11 **U J| J**^ J» «-> <j| . 5j'^yi iV J 

4 A j* w J p < j rr *y-» U&j ( p k-.-*- ) (JuaJj JUJU •jl-ii- 

jT jiT ^ Ujioi. 

. (f i £-'^ 1 tr" *-* M 



O'ai-ji >1 n —; j SjIlU* J U^ i n i J* jl-u—j <L~^ v 1 l OljJljlt 

> S^UVI ^i£Jl *L;t j£di > *ji. *4ji L**« JJ 

LLi l>| _ SifrUI Ui j I Lfy— <6 UT « jl _. Jo lJ^ Lx* V 

tlbw li* J «_ ■ <w <jt -i—> ix-LiJI l _ r Lj DLL j jL jVt 1 L 
Li>j . ( J*it ) I LjA^j 

*=-jt „ ;4*UH ( ^.Vl JS^Jl ) ^ 

jlf.ilLw j 4 *U wUJI 

OLjlfl Cxi l- ±>jt J*A *>1 

M 



Jp- JjCJ *■ (S *Uo» iJL- -W *ji 0* ONl 'jijZA'J 
U-LP- . jfi — \ if’ j-Jt f (^1 py fc -* iki *— 1 

f 0^ JMJ »■ 0* J Jj3l J JJ/i li* Ji* <J1 Jtjj Jk'.: 

C* iUi ^ri Jj J> — = J> (~ + -* ) Lfcjiuii 
jj »- jl> S*j—» P -wl; >■ cJlT lj| jkdi 

j£c V to*j P u* Jf if fa 4 -kfcU 

JiUy- j* •" —: J***^ o' £-Jas-? *—' wU*£ O' 

j- * p Or* ^ '-' u* C^iyiVl j-W»j O' 

-u^JI liL- UUJl ^1 «;>]t ^ UJI Uli dl'i 

^■^r* J* J** jJ&*" ^ j -i' <j' J*J ' p J *■ Otf! L* 

.!*►*& 4J&C* ^jlyA-1 OUj' o«^ kj;p l*^*j . + 

OL yk 1' W*l “I-A* dibj * 4P 

. yja\\ i_-iji>Ji ^0yj>j 

U'jM A)UI OJb 0 jSLmJ OUyuk' a-U JJJj ^ b) J 
. ^yL** ^wv jUij Li i>^ OLiUMl 1 j <il-Jl A.*. kl l 

► ^ v -> P ut^ j* ^ £ J*^ Jr-" Jf 

'4Zil 4 ij p ^ y ~~ Ip j'4a* 4P- j>\~.i >■ ol y&)j 
. ^LJIS^ p 0 j^ '«Uw* yl~o J ki 1*1 *«Ou Or* # y- - 
ik4“ y-^Jl Jp Lk^Jyliy 'k^ P 0r^' 

^Uj5/l ^r*^ 1 L«* l*• k^j’.ill 

l*UI Jic ^lij^fl «ja O' O^fl y^ - j til«* l>U*4ic«*l ^J' 

•—» ^ Jj^fi *jLiVi p J-'^j*** ^y m y y 0* ^*V 





j4^*i jU £yjU»Jl otfye <y lyb*j ^Jl 

-L-^iJIj j-*JI Ljj ^uiJI ««u ji* (Jp jjy'—ll j! 

; Im /JS il ^ jy >\ Sup iillu j) . ^j<i\ Jp ^IJI 

J* a-*" 3 * *> *>• V 

yUll s*P jt hs ^1 ijfcJI ^ ^Lj Jp-y V i L‘li t CJ Jl 

jTUI I— jr** Jfi- ^y <jy i* 

jTUi c-ilyll (3* *Ly iU^w y^L; iy-j ^-U~ y^l/t 

^'■*’*“ij (i y.—is c-#yi jsy» <^j*p jA ^ iru 

. J 1 *^ £V*J jf Lyl yU, j' y'-JJ LU 



V S« : -*~ L r l J j* SpXe *- j»_J Ijl ; ii^ULJI ^ (jr i#UI 

t-j Je* 1 L*f £ljJI f\fcN J * Jl i> j j*ifs^ -tili . »Liill ^ 

* i>J J-**-* i*jS— p- iu ,li! til:k. 

i> w-*l!■»£» j ,j—UJt pjJI ^ «JJ 

it" »j ujSLji Jl jIaj JIW gj* j ujSLJI 
J *-**./* J* .r^ ^J* iiiy 

cjy *li» jycjf ^ j 

IT 





Up TjJf *jil «A* l A> ^Oll U : 4^J6 <JlJ— *iJ!L> < liJSJ 

JUt-jj *& Kfr^ ^3 w»L’^Jl jSi\ j'f L»U V ij^till ^ 

i/ 51 t^J 11 0^ l y tr" £ri J* Jr* 

U^)W1 *Ui a]L-» J o'f 11 j v ••ijj.xjl ^ ^AiwJ 

'*lj * y** *>*j ^y £ri ^ Or* jl» UaJy_. 

^yL** j^jJI J y* i3y t£iUU «Ja jiaJl ^srj J *_Ji 

. *iJJi (jOA-aJ (jl oVl (^>- -U-Jj *Ueiil 

H.U ^4JL -*) <i jjA 1 AJUjjll oLUl jf- w ilLit 

Jfe t-j ib^II yT 1 0] «r ^jJl i-if L ^>—j U Lilj Ljyf 
L>!y ^j^ft £•*«* -ky*l' y"^ll J;1 j!l jjj aJ_^J l Afci^ll 
w»l—**«)► (Mu Mesons) OLi^y^jJ.! ^ a*- 1 --' o 

i 0^ <^S" cJsav? j 5U /i ! J aI‘ 5" Ob Aj y*. JL« 
Jp Sy£«* j-P Ol *..■«>- i-5 5 jj*a/ as j j** 

. ( t5y*^l pjiuu. SL»- j* jy*l l r l«p- <jl J\ 

*y? Jly yr*l' J V*y • /* u ‘ 

olii* j-UaJ oUjj^jJkl «J> O' U^V IaIs aJIj!! *j?r 

LJpJ J U*t AZ-J1 t-Jj 1 Aj U J^/l ^ii—> A*<J ^dl <Jlx.ll jj»j! 

0;l> V « <il—• O' *V| U V ^sUJt j ; . : ii' ? ’l£J* O' 

oUjjjAjjll «4 a 0|. *j.^1 ap^-o jt-i J if’ ; ^- Syi JVa- 

Uji j ail . *(Jvj u? * jwiji ap j ~*«—»yij ap^-v 

T*jtAAC 4A-yxJl.l| ^J0 - 1>jlAi* aP < J^-1 'JA a;T li’^- 

*^vkJI AP j^mi Aj jlill </** 1 Af lj»* ijyAij • <j 'JL1 j 

Ijf Aw— Jb ■/ .j^kW- jA^ j& 1 

. ^A-Jl J ^Jp IflA jJ&\ 

at 



j"^Jl g -U'-rfU Je- <Ji*l—■- <i-l» J* ^j» -j j£t;l 1 4* 

4 ^>JI ^-i 'UJ.^1 JuJ JS^JI L> 

jt- / Mu ■ mesons olijj-.jJ* ^ Jjlj g=j >j^J 

-i Ji«J •*j~ VJ^ **j—| 

j* "jja^ Hr os**' J* ^ *Jsr j *j» 

uj _ *ij!j ^ • • UiU- ^>UiJ <jt ^Lt.J o lif 1 
lU* ^jjl Jrf UUI U^JI 
J) J J-* jl l) wO j^_»^_J) Lf 

aJj ;^,_r jl4»Ii 

Jli.1; ^ iiii c-W 










i >^ i jjj 

o-u> l^l^Uj U* . ^*o ; uVl ajJ-rft u 

ij . { loien-tz ) ^jji J> *>* ii'a J* Ji 
( poin cari ) ^ ® L-a/ 

^11 jJaJl H 3 !*-? <J** A ’ ^^-IWI Oi*^* ^ ( j**i 

j^ll ii j*\ (^ili Jji^fl <y»wJ' y* jjtJ-J o_jS^)^ l*U)*ei 

. fUli 



A * 




|* fp ijZJ U uti ^*iy LJjk»» w** 

sjj-a; iU^s-itj *\j)l\ «*i* ^ ( «£j 

jVl j>* UUiiU yd! iiL lOl *lyj- 1 ^ •Li'l/I CvJ* *U'ij i»V 
Jjj^il jUi. y» OUiSlI Ji Jj! f > ^uJt.JljJi 01* % 'i# Ml 

U>oJ 0| . J £j'-Jl J* 

£jJ\ J*r' j* jrill J* i r ‘« *U'i (j »Vj 
W jJj ^ h \^’ **s* g ZJ&i •jj**' 

of j* uTt 01 u»v tfLli ti* ^x ^£1* 

* j* •;>*■* ^j-^ 1 vey 1 

L*Xp Ol^ ; Jc)) i*J!U> 0^? jl 4; V (SO*J 

J W -Uj^i Ot £jUU t jbj? 

^11 ^4^1 0^*^ Pi • *yil{ jjJsJjll ^ 

IaXm# * U> Ub ^ O' -Ij V Cf *-*'; 1&JP Of^X i jjpMij t*'x 

. jtt i—* «a;*- mp j+ 0U j*.~>- Sj* 

i>y 0^,-Jl fcUlT Uj <iy <^' J&SJ V U j ^^Jl «*i* 

*1—1 (_£J*-WJ1 C->'iJI 5O^Jj’ ^«l£J . *yi& if-j* 

j+j& Otf" llj (Sy^ J ! **' ^*jjJI 4* fj /j tf«^i u~^J 

jJkj *iDi 0U '*r*‘* ^\a * j ^ j* £, 

. 4JU- i*j* Jt 0 \*X* iy'k!! ^ td\jdjt 

Ajl+y\ **jJS ^l-ii ^jVjl UT Oli 

JA.1 0] , i**M« ilL. y* t ^^Jl dt^jl J-U* jylOiJ 



^ £ai*M OjyAtJ jl-UiW ui*'* <j ^ jjvll 

lo« Via JUl ipj-Jl j^f t £'■> y- tjj'ij I pjjJ] iPj-Jl 

jit -Up ^jLaJI U,f *r****Jk 

. J^JU (^IUI 

ju V l i_Jlj-iJ tiij if/LI uttaM i-visJ oaJLj t ii/J-l 

4 , **£ C/!Ja*«VI ^ iiaJ- jf i_JI^il LU <Uk« <^v»j ^ 

^_jl jll la* . *jJi <Ji*; '/ jiT^ t if/*V pJ uw>j *IUp1 ^Jc-j 

iliL i) j>*J.i **■j-- ii t^aJi jii ^JJL j* 

j} . LfU aJ UJl, iiJ>dl tf>l JU1 j* 

iPj-Ji t -..^^i u'f *;L p'« ; l ; ^/ w»i>- iJ *} i_iijii J*** tJupj 
J^it j'i -c'p *U^j 4 jf\ iia, J!jJ ^jjly CiJ» Llf 
t^L- j»^«JI *J o^£j (^aJf ^'Ii«!l JlI dV'SU 

£jL*dl ^_aj j*J <ji!a , < j5"' Ul ^it tiA'a ^/‘•bJ 

o* •jrJ* g^ljj . JijJ £j‘-J j*j . jT'Jt ^“jll J 
J* ^ ^'JLkWI <1sjL jf ^ jTL- £.^- J./JL? T*ja 
^IJi*l*«1 jJjjL ^jPj Lit£»L» 4 ^J'^Jll jf ill ^Jp- 

jjjiJ O '* *** ^!l ^hp! 

*—1£ ^W“P V V •U*** tfy p-*JI 

p J.\ fUic-1 • j j > Ji </ t ya fca*ii .L,^ j] #U)|I 

4 >a> ^4 >*(tl ll»V jli tiJJ* pXj j>j <j (j/Jl ii /»j ^’Jvil 
^ *£JSj ^ Uja# ip^w li/»:> iJ a £ ji ^ <J *la^Jl 




V—f 



i ^sLoJ 4-1 ji ^ »Lb»JI l*U Jill iijjJc.ll OJ. 

. ija£> i—J &jt* jS^C a Cx^S* S? l£^ ^j 1 *'* f 

S'* .. . 

1JU (1)1 . 1 1 ■■ — ?*+~A> _> ll «_A> jl -W- 

— i—J cJlT lili ? w/>i A. iT ji* ^/jJi 

jmJ\ t^oLa^l (ij L»f . jj- iJ Ljji ^jUI Tj»* * 

. ^X^all *^i! li|j jJp* iJ *Aj 4>J1 jJI j^L-» y- 

J*** 1 —* il^ll ^LiJ 4 j t ^JLl J *1^! 1 l _ r - 1 j O ^ <£•*»-' j* yJlj 
: ^ 4-^ill ik£II jl i'^l J Sitjj ,J*c- •IJ^JI ailjj o' 

j I —S iz*u ijiui* -iu.*- il^Ji j j£j *J * . ■ - . - 

V'V-'V 

i_ >-i s^3^* ^5*1* • _/• liA iiloJl Ujl^T ^a*> 

AciJ-l ^ <iJJL:> ( _ T ~i 1-^Tj*s* iio^Jl 

l^l jj* yj*j~>\ ^Jl x vxUl tfij il^JL LjU j£ju <> jicll ^ 

ij.u!l Jj-U^ jJ^-l L*1 . mU ^ ^ £-*j£ y * ^lUi* 

)y * JIj -Ui» il^ll .atajl Mj t <£/? «J_i» ^Ur*l j- 4j Mi 

c-il—aJI iitj j^dl OU_—>Ji Oljl«-4 ^ ilyjd.1 4jil ji- jT^ill 

(^»L^->J1 ^j>- i-. ;l b Liu' jj*} u&J ( Cloud chatnbre ) 

<*JL)\£m* ^ ^J'a- ^*9^ ot ij^ill OU^^j 1 tis'*' 

, j*ill t yS- ijj i£*j-** iiJaill «*U w>l>Jl i.—J'i 



' JS " ' J* r* °o :il ^ ^ 

*^1*—»J1 ^liP* e5y Ji ^ JUlij j.r' *J^!i c^' 

ja ljj_a>- T^Ik* i'^Il a*c . <Jip Cj\* j.~>. j~z ^j. I 1 

^ ’* j/* cf*. ^ \ mXp ~ **s* ^ J* *j-"’ t| **s* S''*** 

a—J'> oil y- ^ Jj a* j^*ll Oiy.iV fV' ^ 
,f.yj a^-j ? \^» Jpl ^ Jl jj*-v i j^i'^l 1 

abajU il^Il aUajl J-»l ys '- . ^ rr-^ 1 ^ 

: LJi^V la} - VJa o ! iL/’J-’ j * <V^J' 

C 4^ “ + '># ■■. ■ 1 

v/v-'V 

*—'4jj ajj 1 —* a m uaI.1 aL^JI j— j S^JwaJi j^i!i J>-‘ 
iityi £A •*»“ I4J} tkLi* ( jtu# Aiil^U ) aJj£J ! 

: J e Uf dHa T ^ iJ -1 = ^» 

-t. +13=-13 

T> 

: (^UJl jj* oj jid 1, Ua i^so' <j' £?*.* 

{J* + T c > 13 = T ^ 'lJ 

IT^-1 Ai’laJl iiJjll Ajl^Jl A»'i*J\> * 0 *> iJ jJ-I fprji J&j 

T u^ ^3 AifU a-yi ^} ik'^Y* ^ 
aI^- ij* jir~t 3 *j^ f il^'a ij* gj~l* o S’ j.) 
(J liib^ ««..ll^ 0 AjfUt ii'.lajl *Jl» & U <Uj jy k <S '•» 




J '"I! V 4 M ) V a ‘ U W 

*| j «ua / <Syj ■ ( *y*—^ uj14^-jJI 

o-ii jl . ijjji! 1 J {'• i’jZJ' • Ij—J 4 

jk* j i*J'j 4II.. l£Jj fj C. V^JUd 1 

• 9 J* : -“ ts*^ 1 



O'J _j jS^] l) '<&Oli j J* ^ ^TT f U- C>_j~--LI v_jjI»^j 

ii£idl Sjjl^l U>j ijs 31UI llik^t J&JI ^Ui . Sal* 

j£ill jifai . *>TJ-» ^ "ill -UJ JjJ 

ijw j iyjj ^ • jj* jyjT 4 mJUI Si jl j) 1 OjSi j SJUJi Jb 1 -IjL-^I 
'**sJ\ iUjjb SJsSJl jUijl Jt dli 

: iltfxJ! 

^5' ^ /J **V' ^ o) 

4_iij jil (jjj*? cii £'- ! *‘-* i/( - j*- * 1- 

a* *■? j-**j vi^ -kjj.il 1 «-i* 01 . vJ 11 iSy^ 

. J*»- j iiytf Zy^L* Cj\^~sr Ji V^'i 

ii i ii*n csy j :r ^i v 1 ^ vjV j*y v 3i£ii jip- av- j j&j 

iij yTt CjS v 0* J 



ifijt y iSy^ j~i y 

Ji } . I 4 -A*-; . J '* 2 ^ 1 y J>-\ (Ji if 

AjjlaJJ 4^L** y wl y** j^s* Jjw eU* Jj- i£-Uoj 

. \ ^ • e pip '»Jt a_— aJl 

ijlidl iS yM y » J^> y 1*5^ . Sa!* ^ \so ^ y 

Jj » \ -'Jw* T J>\ -Uj ^ oJa ^ jJxUjI oV • •l->-^/l u 

J:r- J* ^ li] Lit Jyli J^-LU ui J,ud» J*U Jy 

£f) y ily ol *■ p— 3 ;- ^ ^ a^-» y y^y J&i 

ii* * j txj*" d 1 la* . _*^ ^y*'* £jLay £^“** * 

Slrf' aLkJ>> 'i/ L A-- Jb yjJI J O-i^ U liSi&tJ <. liL* 

-U>> kiy fc Ja»- yv* p_~:»JI <il'j J 

JJi!( p~>J\ £jLJ 01 . i>oJl y JS" J* aiy ^j'-Jl 
y+?j (**-»Jl £jl—? i£j~{ * *IL2s!l lS 

y 4 iljiaJl *J>j^laJ' < »-k-o t* a** <_lj Ua«Ip LJ*<> jfi Oj j 4*^ 

y^ 1- j Lja] ij'j y * . *■' »A' d* j ^ 

* ft y j £' <Oa*ai <^ali * x’ill aa^JJI y 

> )j-^~ Si* «.l^i)l j|jy jfy ^Ja—■ y <>y)l pUj^Nl J»y.^< 

Ji- t J>- \j»_yLx JaA~; ( j+i ) ^ l -J Ojj)! » I -U>I 0yklt 

iiyj j pl~>- < V'l *«—;«ai V jj^ ^'a«5t o* ^a>*jj 

j* • ol^ldl <ja^i ^ p^a«x o j ^T T*j>- 

IJs y —1 lai^o Ua!LP ^bJU i *£ j*" ol^Ux (J ojjJl p^a^x 

O’ ^y af . pla*>'.j -l* J5^ <->‘-«*{ 1 y- 

^ll Jin Ay j y jy^/l (J] aiP . tx'i JaJ^xl a# -’Jli J 









A.) 4 JJ 1 \ Jo--.-!;' y * 

j.tjj <jyj>y Jy W'/ Jj*W dy ^ 

if j4 j' ^ C/%_j>d! y Uajl ^JaJ' o^'J^fl 

kju j/J' ^iaJ' J y *~*ji * aJ 1 ]*#!' y. 

\yjl <*»\>- iiLA y> yC> \*-yj l >»y .ib y j ‘. aI^-aS' 
yk Ux*» . o*5'.U" '*£y aJ'—• yj t \*aj* y \~SI v * J'p 
jli v aaJU-' Jj , Ll*w» Tjl—- i>»"j aJ' Jaa*J."— *'_jA' J fy#»> 


*43 j A-^vUit |».lc r ^ ^ »~A l»^ l#\£ iJSjy ijj* 

^i-ti!' y>\y a^U' j y jJ ^j . i-y&J- y\ o-^ 

•■^l£ll vl—Jj » 0*5ijiJl ^iJ* } J 4^ *\J 


j' wui! y 3 <- y\£-\ oi Jh J S-L>> * j^-a> 

'*Aa Jbjl**' 

^lk'JI JL1 P AhA4 .H jl jj y ajlix.-VU tiibj otiLUjl Sit—.* ^ 

. I y It y* Jai-.; tSX'l ^1 Ja) *yj y jy^ 


jljijjjiJI j{j~id' ,>■ ulj-i aUa-l > 

" <yz“■} f'A^=-b 

( Jjyi\ 1/ 3JU-1 .j* <j ) ojisll ^ 
^ jl—i _> If# Si»l -Uj jl—<• a»aI 

^jL_dl (je** y~* *j*'** Aip 




ip J* olj iijai J^l i yai J wi gJWi Um 

w»yj) ^ Litj t iu-3 Js!*' Or* ‘ tiwU (w-^a? iJ'JTjl 

jSLiot . U; kr k *.of&jj*’ 0/:-j t JVi»Vt 

. Ji«jl T^>. It yu* laJj.-Q ^^ll iJ!>- £ ib*ii)l j 1 -** 

ii yZ-*j ilLS 5y il Lf-'p yJJ V Ty> ItiUj*JI J*yi-J T 
iyt^iij 4 Jj:.;,« ip_ r -ij pyt r ~* itk» ^11 j't^fl 1*i* < j-w» i ; o*icJl 
<il» UTL- Jj5*j 01 Jr* V-X t illi-l 6<i> 0* 

w»l —>- iU ( j t—--; t j -Unoj 

. ( 3 ] 0 j*0 jh (3 4 ^ y £ £**^1 ( 3 , J * 


i-ji* ib.j; a> >$i j£ui >_ 

jSOJI uT^iJ v-Jb *jU <-i!> 
^Jl J. UJb Jt^» 

.r* 



iapU* iij^t j <■ ijUl «i* ^iiJ) t 5 y > 1 *h J? 0 ] 

l r *l Uy oi^jtdl o c.i^pj <^uJl ^fdl 0 1 ^ ^j* 

■L5—J t^jll jll i 4 t .il > - ^ J <_i] 

r* 1 ->■■ V 1 -* y ZjLp ibjJJJ i'^>«il <JjI jUil 0T f tyt» 
i^L-^1 y»L*J' 4>* yi pJc—ll ( -ktfJl U»£>l U !3| ) 0^ p- «> 
y iv9*>- 01 44 JJ-I ^ *0 Vj 4j*L#Vl 4. 1 5 k-*.! I 


\ • i 



^l 3I t oil j ti^JoJI t ^! j* 

t y »\_yijl ^p O^Ajy^cIi j-f^ ( ^4^* i»lp Sj^<aoJ ) 

^ yjl I if. *aJ *1 yj-l ti^Uj . 

Js»JI » j>- ^ ieL^di j j/uu—' ^!l i-<4.'i\ ^ AjJjjJI 

jl *li!j Uai *<y ^ ^a<C—li 

wl)*L J 4 i*u;il ij ^uiaJl j 1 —U » ( yl^Il ^kill <Ja*2.) 

-Uj 3 ; iSjt *>} ^ j1—U li* Jp iJiijJill J* 

. Cyjz } isJ'j 

JaJ-l lip ^ aaJJ~\ tj j oj 

Uy>4j t* iol; ap J pJc-U j^y icjJiJl O' : JVp 

&i> If* 1 ^ ixtiJb t y*i V 5«-*^A5 Uj'^i' ^L* ^.-yll 

. JJj'j- t O'ii ^*V/ (J; <• lS i Jai* 

4aU> ^tC ^ J 1 (J '~T^'J 1 

jM'i aIxJ jil OLliJl y 'c£- . Jai# Ja» Jp ^yj^- (3jj)l 

jj-uJi dj'j yyj J**- <y < ~**j y* (/.'J' 

«if. l^J} jJp UJCp J jl*>l ^ £*>lj l|*'fj jJLj 

^P t!.'—£ 0^ U.1 y** liJ'i) i XtA* y*l ^U!'* 

^P tlolI CT*'^ C? U-llP l a ...J $\ ^U-l ^ V] tj' r jj^ J* i*-^j 
Ja^Jl ^Jal—j *U> <. j Jju ^5 t ^* ia>- 

laSuj 4 yi <r~*^ t/Vf wL'jj ajj]t Jp ^ci^/1 

, y~ I*yjt ja idy ijj<*> ^ <J* i» l iJi o'i 

iJbdi ^ij^I I «JiUIl ijl_yU ip^ JSC j! 0*51 



pjc~* ie»- J* o'i il^dl 

J1 Jizi UXPj . Ap^ Jp iaaJt LU J-* ; uk/ 

jy^/1 til J SJjOjjJI iAjjUl ^tJ l *^'£11 Ojj*> 

oJLa ^ ^lail j * U^b- 1 iliyt Ju^o flJLic*-! L.P c 



Xs- k-_-J» >i 5f>l L.) t ^lifl »UJ Vb j£J1 <j o^ 1 Uk Ail 

tji C»<U)I I jj J kk-Jl >M J* kp j< 1^1 t Li*' <«,lk. MJ-ii 

^l£a» iigAill ijtt ^ j*- k^i— k«—> >--» 1 j* «JU- J L5~ i^iUJ' 

;»u sji j!b» ciir tij ut ^iit kiji ik > i«rf> 

♦vjjUN J* *j-p «UJl ^ ^ii^M <j 5UU 

^Ijil (t>) 4 • li&t j£- jLJI if**'*'* 

J [t "~ UjL^ Jfc MJ.ul kilsll 

jfcr USUJ o^ 1 O' 

£>>» JT ^ iiiill JSc ot 

«jjU»j ^ ^ jSLi j 

JSkVI ikii j y «Lj-.I l ji, Jil ^11 £li tj Vb Jtc jT «oU>1 O' J j| 
kp ^ f >:„ k* > kJUl >1 klkl Ji «UVb j£r 
w»*ljt' 





iJUSjl JJt>- U>a£ £>t Lil i Jllit l«U jr* 

cv ^ ^ ji^* !i * ^ f-y j* ‘ u lK> 

»UUM a*-t ^US') U* UjJ . JjUJI (j UtiiU ^HS” iJUap 

SjIpJ jr* *^t j^t li|j . (i aJISJ 0>M aJUJ * aJI&» 1 ( j^^ty 
ijii *'y*-l -Aifr jJcJ V *L j*i!1 j^Jlji Ui ap-L** 

Jaa- J 4 S-Jb jj »ykUa 4 aJL** aJ i)\i aJ^aJI ^-1 

* aJUSI! jr* JU- ^ja Jj ( J;_pcJl aJsUjj Jrf- a j£s m AjjUJI 
• <il tSjA ♦/ Ji_^* f 

VuJ~\ J U l ^\ji . Us ^ ye ? <* A*a>. iitai J* 

Ji jUi^/i -up uu»^/i aUi ap-l^ jp Sj-UJi j^\ ou^*^ 

J^*_j 4 ^Ua*)! £p^j+J& AwJb ^jjU^ Jj-1>- ^UaP ja 

CAj ja^JI 0^ a»w» j^ p-P J\ Jp * NjU* t-J J dilj jCij O' 

ap!j> ^Jp ia il JU w lj»t 4 K~Js b j 4jua> Olj <j jlI 

-li iiiU* 0^ tUJi Jr* i apUa" if jb. <£»!)' ^bjjaJl 

Oj& iJUiil JjiJ-i jU i plaft*.* ^liJ Ji*- ^ C-f 

J* j^ i^jjSJl JiJ-U . 'a>- Uj ^aJ ij^u Uli::* 

ifj-~j m oU-^b (—S'!OtjUk* IU»- j^i j 4 pin a Ji>- 

Ui* tiJJb-a a>-^ 'i/j Qj* t j^ s ' o>U 

aUai ^ <*-—<uu jj *jli {f yft iiu ojjiai ta* ijip 

•a* J/A - a<cjl c)J j*aZj 1 Ia jl ^ alm 

■ t y J: ^ if A. 0^ 

4 ^ 4 APaiJl jr*-^ ij ja yjSj^l 01 


\ • Y 



J*aiib \aj t bTj US' ikii it ^ <J*i£ Ot JSkf jSjc 
^U b diljj i L* JiU-l IJu I4J ^dl iL^UJl yi 

#0>-tj »jla>- tiil-b C**JLi& (^Ul!l J&-I 00] 4 APJtf- 

V Jii-, ^jli ois' isi j»-k j! jiJ-u ; ^u'Sn 

SUS ^ JiU U» ^ jJa Jjl tt>ll >k <iJU- j£c VU ^ 
^ (!>T j^c ftJbb ££*>■ 0] . if 

. t»Lc UnliU* * U* L%f> U 01 . <>&£ j i<cJU ii ^ku 

U Ju^U Sj^dll «JL» ^Jp iJtiiJ' ir-Ui jij 

jtJl t W'O lf«—l yjJt UtfUJl U—Jl JUdl 

i Jail) ins' <« w > Jl Tji* i \ ^ \ \ u ^p 

^yk i**»ut 0 j ijikiH »JU OUa Uj . obJI 

C J^ill iJU ^ ^b UUi US' i 4JUaJI OL4»J 

UflJU Lf <Jl£L» OlotJ^-b . aJJU» <i yaj l^j ( J>-JU |Q.» 

ilJJj -Uj iiL* IsOjI ijliiH ^y^j L Cj 
. J»UJl ^ iJbiiJI U>J^- jp j L»l < 

^Jl U <J\y* iUU» 

^ i»nV l *1 • ‘^ U J )I - ouwyt ^ u ^1 u jiyj-i 
Olfs*-j 4 /UiI a-lS/wj Tjs»* <U~J Jl j-JI U» 

-b V ^ aUyJj»Jl o'UjJl — iJlSll OlJIa^-'St j^/ iS J*> 

0 -> ) t»jyir t*jj ixjuli <JL»j)l — oisll ( Jp 0 t 

U SjjU*li ot ^ jl S*jjX ] jO^> £->J~*\ 

i j j~xu ij* j*i J*J \ljfi ii jUi> 



I4I&J Jiis^ 3JL jyJl b\•£ k_yf_ «jjk 

yLJll ^J»Jl tjLC *i)Jj U>yuj k Ifjp O^Lywlll »Ju *1 yj-1 JUj ^UJl 

. hjk$ t r UJi 

0} . dJii U jt y* ^LJ jt JJ 

jla»l y* V*b y> j*i ijiii ^ Ji»- jUp' 

JJUtl J*-j 4 pL** ^ TopL* 4)t yk y?—*r U 3U31 t5 j» 
jyi I JftwJj t >jftl j£i ^ (^■5JL5dU 

JSU >>11 J&il yk U I : JbJl JI>Jt c >i C UJ 
cJjtr V > ji\ jl ^JaJU . * ? jj-k Uxp j-p (Jti* 

Uyjll 4#-U 4i* iiJ J* 1|-*L >1 yiVl c l-AfS” JJL* <y 
T^yft LjjS” j>-—* j_jX JJLJl j^f t>Jj • >>■ >t 

<JJ A^—’Jb JU-l yk Li" ) i—>Uai^M -Up T-—hi-Taj 

j*\i yg U jjly jt u-af- > j&\ * ^Jp- jl . ¥ t£JU ^t 

<J12JI wUjjJI j&j .ly-vi -U* Xp £tcW csill jljyjl 
jjw jt j&t V jjtdl IJu . u >T *j»- jjp JJU1 »1 y*-l o>-^/ 
^JLj7 4^«*»U jJI 4j jf laJl jU 4,ay^-l ^jj . 4li^Jl j jSli Li ^p 1S| V} 4*Jj 

Ji- jXi: JJ-I la* ;> j alii »i* jj- *SL r - U 
li>L» ( j£jJ C>ViUll »JU jp y* j 41 jm oViU* yjfc (JLat 
t (jf jj 4JUi (j i jU^JI ^ . SjUJI jjlyll Jyyll ilply ^ 

^utf. jj53t pij jl^ jr ^ JiU Jerf 4 j‘T Jp 

jJS 4_p‘ -—■«- (iiid JUj U iiaii 4-WJl JiJ-l 3y j| ) 
J5^1 *1^1 Ul * jj\it <Woi iiaii y* iJ yJl UXp jj*5Jl 

. (t-Jipt jjd 1 J-u* oLfV' k-—>■ 


\ * ^ 




JiJ-U utJL \I ijAi* iU i.WI i-j-Jl iyfcll joJ 

IfS-rlyA -UP ) 4 IaU A-iU- if * <-AS y> <£- jf* JUifl 

j* li* dlllu OU JbJb j J»l£Jl Uj yJcJ ( dlliS" C-J V' 

. i—ull 8-U ^ i_jJac a Syd«JI 4i^dl O^L*Ulb i Cm 

. i-xAl «i> Jp jlkJl J^xdl l^J iJV-b O^UUll «Ua <JjL*e’>j 

(*y^Ji ipy-J i—Jb ) *Joj i)y*o iJU-i Jy 

Jai* y-te ( iJiJlfcll J <bUI Ji- ^1 jh j ) (JJLS JS»- 
Jy*£jl jJaJI iJipLi* JjP <1jU jlJjtC 0 yjtjJI iiydl oM»Uil U>-t 
jl iwy>* ois"^ jibs ijjSii.i iJbU j j . «jLji 

. gyi* ] ) 4 j yllt O^A*Ia 1' tfjjfc Jj i>y# V y**" 

. i>l O^UUJI 2LULI JiU o*.l~ iitr dfli Xu ^kuJ 
ji^-' i*i* Jhp^i j-Ji iiL2i!i ji>- V o^uii 0 
JiU JlLSl U If. yJw ^ iijyW' Jj* J ■> » » ... l of 

iiylalb p4%.-« Li^l Tyiiu t Ua jt XiU Ja . ^y»^ ikij j* 

t)l 4 y*-^/ ilaii ^ Ji»*Al V.^* If; yXJ ^ji 

y* J 4 U 4,ji*lb <*y* C—J 4>ySll O^UUU ^ Olyjd' 

, ijyliJI J XJbdl i— jL-«1 ^ja 1 Xv Lf Ol jJci I flU> yjA* 

^yi»\x» J1A>1 Jw£ iiybu O' »*--£ JiJ-' oV^Ua 0) 
.JaJbiJI * yi\ 0yitf jtb U yiS^ J*^' lT^* OyibiJ 

ya~~< dUX *LoUjl <Uv>byJl Jw»LtJl ^yjt Uxpj 4 i>l_JJ IaJ 

4< jdl OM.UJJ 4 bJkLH JyU- * yii 

d>yu fi ^5 -Ip O'y—Jj ■ ^5lyH ^ ^iil *-La <i jlL» ^ytj 

IxS^t 3 jUaP jlX* i)W- Xvj l «U ^yp J«JjlJl t£y* 01-*)^' 

1 1 • 



t US' <, jjlJaP j U .*i 4 £j&JU ^U.i* 

t yb { ja>\i yfc J> JS jJI y ^ US' t^aiU tJsJ 

■ ^y J^" o v - y ° * * * ^ .h* j>dt ^ 

aJU #* »1£l«Ij otj>*Ji tJb oi t o*i/i <& u 

0 ji»mII l»t , (£ t^.S'l *** 

Ji^l • j*J_j i 0&j* *—(3-— 1 Uj Oj -Ui o jjS"- ill SjU 
Uup *^ll oj . £/SU j^l 

t^TjT iTy* ou*> ^ o i*uii u*-Jt i jiaJij -utfUJi jj^-' o^bu* 
InUS i jmJ <w5”^Jt UU jIju ol U*oS^— oti <Jy~ *>&• 

U* j! JS ai'S f jlZ l»«Uf- JjJ j+> ijliu US' l^aiLi 

Olj^^jJl 0j£« illj jjUap t^-S^S" a)U c T^jb {*a*U 
. J y <y$&- i —y aJU o • jlj& 

aJI? 0 * ju3 . ap~jS. f l* r**0y j' |^L}b Ub t__j£ 

^UU JiJil ^UkJl jL Cy^~ *-^ ,jS0c.j i «ji* tj <*>ji 
jlj>jJt Tm Uibl lj| *~J> j* Sjj-^aj ol t£A*Tlj& 

4 jUU 1 Jl» ^ yi-ty «—5"1 j^Jl <*->U*-j J jUat Jji 

JU5"t ijUiP jtJU 0U AiJb-l ^jj & a*JC^ ljU»*li td#^ 

CJag-^ jl <j! . aaUJI Ayjl Aj^iaJJ jif 

a1«aj U tltiS j t ^jJ A^^lai aJsm U. iiil* ««U) aaU) 1 <yJ' Aj^liJ' 
i jmki Ju^j j*^l Jiij l|^U t Jj^fl \+£j2j (J 

US' , yji jj 4j Jpa OU' y*lj O' jL>~ At^JLt 

jfis lr*t J* f*J\ Jfij I j>\£J JJ 4p->tfL1 JALl oVjU 
J*" > y* • cr*^' £>• 

0^=. t/ 1 ' s -^jl* O^ULl V*^ - O 7 ^ ^ Cf ^' UT 

. . ijlaJl i>A^- 1^15' 








Jjjlai J/y <^iJl w. ; —H Jf- JaL-L Uj 

2 j \j j i^jkaj lf-1 y* ^-P jjl ^P . aJLSj 

. Aia—J' ^jJl IpLrfjl £* iijlalb sJUa* j_U' . ^/Jb 
^ <uLo>' olj aJIUp ^ 3*1 y j y-j aJL-c L j+s jlT Xa] 

Cn*. ^ ^-i 1 P j t ^1 J^ili ^ f >, . j/ll la* 

JLjc-j -Ho . U?-1 *yi^w< Cf *i>-b i-itf oUjIj ^-1 

SjIII jt -Xyj . jU^ j\jj* 

jl . A>- yll t-il A* _Jb <JLj ya aS" y A/I .like V *-Laa 1' ^ 0_L*Jl 

aJUmJI p&? I^il ^Jp y U 'lA J/Jl J a-L*Ji ojll' 1 J 1 l-L* 

( Mach's Principle ) r-l* l-U# ^y--C ^lj j} . a-L***.' 

jl » jlill k-i.ii4 ^y yi . 0-iP «—>I ^‘ «.«.J y H- L - i 1 <<_ i>jl Jj 

wk—aJ UJHp . y>yd^JI Ui^ <U~a* w .,--i y aJU^JI ijii 

4 Jb .lib ^JaAj ly-U ^ ^ * i ‘ v **aJ l|-l ^Jp . > — I j^S\ i^/I^IJL* 

^UmJI ^ll I«4 a jl aa«a>- I^La- JaJ trnni j ^UaP ^1 

i I> 0 ytUall a--<3) «Li] , 9 —Ha-JI *^ 9 j] Ai—i J U 1 -^ 1 * ^«/yjvJl 

w^* ^/jl aJL«a l$J j /j aJ'uoj a//> y * jll y k^_ jVl 

^iS""Vl iilll yl JL»-y UJUP lltf bSkf ^n.^—Il J j>~ JJ-*' j ^*iJl 


A-f 


1 IT 



w—jiaJl ft-JUk j j . jL-~J~lt j J l-bu 

oUIl A-—JI C-vf j JJj . ^L* lJU* iailji* 

. ^ j/d 

ijjiaJI o ^1^7 jl Jy>- J*^“ *AjJ 

a** j-iS If ) j^Ul jAo £L» Iju* £* ^UJt 4 mmJ1 
Jp <M JiS V Lfl j Lip VI Ji J-r pfipl . jrin Jp 

oViU J>■ ilib j,toT ^ j» jA\ J» U^j . J^Vi 
^ ^ Jjfll >* Jp ^lj jdl JaU 

OVjLaI J^U- jUIj *■>1 ^__p y_ U-Up b . pllaJl (Jp 

A*-Ja)l yi jj^Jl Jy*^i -UjCj V jj^Jl ( J-*jjJl aJ-LaJI 
<ww* jl aJ jiL* ^ yP 'j* jl-U kl->- 3-Uwl.lj iiUJI 

i _ r -ju «jJJL^X w^- . jj^Jl J s-iU.' *Ua^ Jj 

f*BA IfA* U'ui jl njal—' ^\ J Ji3^> 

. <L*L*Jt AmmJ) ^ <Ki> C « i l OL-aaL^Jl j y4 ^yjl 
j ^\ . 4-U^Vl oV^LaI j'jtb jAzIZjJ rtLfij ^ 

jy-£liJl V £j ^ill J jlll j-ii J -U# i jj£jl J** U 

J Uial « V aJ 15? 5y# jj^)L jl y*y jj-Jj-Jl 

<L jj ^ (jjUpiial <JV^W* 4 a*J? .—-—Jj . J?UJl ^ <iai j J£~ 
Ajl j i — >■ j y£ll ^ 4i^« ^u)l x>- yJI 

j oV^Lii JJ ^Ub 1 a>- JL>-j} aJp j 15" oi) . Ijl« a* 

jil J^>l ys ^LuiVl aJ~I Iju jLT a>\m)L AylU 4*U«)I 

j j£j c>U Li Al^xTiii iT jJjj L*i Ujhp j , A^ji 



• W jf j£l tvf* 

. aJV* 01jS”^' jr^* J* jUa'i/l J • j-f *k«j *jli 

<y '*> ^ */» vV *n <Jiai Jj 

I^UiaI jt ^iiJ ; jl 

V y*mA S jLp 0^^!^ jP 0^ v l-; >~ i*fl> ^•A*J j 

^ ^ V .J J iJLfc jlxpl j]?Lj 1-..V..T IaUo>> A 0} J j Jrf 

olw* WJ>^#1 ) pAT . ,-1 1 Jj-irf j-P L t**la-- 

•j'j-^- 1 j* J* ' ^ fW' ( 0*^ a* u^ 0=! 

^JUo all*- ^i# 1-l^Aj . l ^->-1 <—A'- > ^c'j j i * W* ^ a J y^. 
j*f jA ^jm^S' ^P tJ ji.^ i-JL*-1 4^1—-^k—ij 0 

jjT 01 ^j*j ^jL’i jli iUj^ iil>- y Ut , 5j_j-L>»il 

• -> j -*»■ 0>4 -*»»*• a) jiU^oT 



jjimJ <i(ju* **~> J* J** j*l|i iSjtLf U ii oLolj Jjb—>1 j^S" illii 

•jj*** j~-i Ux* <LLJt ijtji Ji iajiJI ^L- J* jSOl! t .Lw 

•V V' Jgjj j j-o J J^-l* Jf *T*~** 



•A^-L| ^jtkV a^-t iiLtf i jli iai-t *j^J j 

**0j jlS* t-U* ** JityJl JJi»*J blS" ^1 ^y^ll 

• ijLkVt j -UP jfZ* j-p yii -Ui aJUp^/I i^JaJl _J ^l* \JL* 

i*rj y A^O y- ^jjll.t.'.il • y * j^r 3 a j5* -Uj 

a —-i -U- y V y^-' ^>- - Willem de Sitter - 

y Jl^ y Jjdi y y #Laii' jyj j . Jp ojI* aj' 

y-*. y>- jt , «jL11 \* jjlp , j "jj *1 j_i 

^ (Jjlyit Jr^~ J JjIxJLjI JU'i/ 5 ^ A*-Utf Jki j . sJLd*> 

t^y^'t a^-l iiLil ( jP iO'y-Jl *15^ iUJU Aj»«auSy *-U !j«* 
j jUsp w^yT Ali—* jt . &j>- yt rtJUiil aJ (1 ajV AJiUit yt 

y!t oVjl**.D J> y iUL* jj cJ>- -iS 

• (> > T o' j & . '*&£ W dilj Ji'jij 

Jy» jU;| y*iJb . aJ yjl a! Lit y [ 'y ' _; . jjUlit jljl .u) 

j <*-» j i Jslii Lfj ik£3l j> fi ^ 

i£j^\ y^u 1 y y* Vjj .sty U5^ . j yjt 

y *i-$ y' JI ijL-- slsf"' ^ J L* *kaj y* aj $yt j j>J 

wUli* j] . jyil l-i-ib *jyJ OjJk'.ll a»U . ^y\ ikii il 
y, j %a <y&i jl OVjU*\! J y>- 4 j^Aj J 

^-Ui yuji y^-i a)i>- y> j yj-i aju -i>-^ j]. ^yi ^ v 
C* 0_yi' jjp i!UlJ\ aJ a^y V 

j* JJliil i' Ji* y~' kl : i—Jt 

'•i* *j’ J*J Jp- .1*1 jLkl JJIp dUba . j-1^. j/ 

<—ij y j) U5^_j A>ii sjU l*> k-ky y^c A>t y yyt yp yJ-' 

• j* £fj 


\ f, 




: j 


k - . ■■■ ; ^ j* J~?* *^1 

j* ^ & JJ ^ >11 >i ^1 Ji \ijj^S 131 5^1 

. u»- u UJr j^ju; 5i\l' aJ ^;.^JLSi >tU j x*- lj/' 
j^)) IJa Jt* J Jj-* '-i* ^ jt £jlaI«J 45.UP 

aJLp^p 55"*^»- *Jp J.\ ^p ) Lp (^IJI 5 j_>~ui loll! 

AP ^»«J jlaJl Ja>- jl-li*) jjp LiJ JjCJ _j ( aU(_£jJl £*-r—! 
J Jj-b*- ^Jw» (*-**>■ U 'ili aaJU-' J * . iiUJ.1 £* A~-Ui* 

U5 - j^£)l ^p jj Jj ^ jujjjJi p—«*«if ^-L» ij' \~j» oj£S\ 1*Aa 

a^L^* UaC-* 'aa j' ,Jt J* aU ^p 


. 5jLjj £A 



•j^ JJ*^ *j| . •JJ**' ■■ . ‘-* 11 j* 1 oSJJjJ **’* *i' J* j~~ yf> , jj& V 
-Ao AaLs- «1> U, _» J «A» j'j \J~JJJ J* lJ J** 

1 +_J UJ SUI c t-r* >** if 


1 i v 


Oli J*i]' (1) j: J‘£ 0jS' OIS' IS) 

, V aJL^D' oJU j-Uit O' 0UI O' Lip 

oli LI' /l* L-lo* j 1|oaaj ijP- jl tcJ SjI' Oils' IS) 

A^m .Js :* Sill oIa j jSsj jl Jj yo Qi * !_/• j Jj *>li * — -'' 

- s-LfS' iiL-' O' V Oj$0' Aw.Jp ^ L . J,} yS J$0> 

l$JpL^> i *yaj i. 5—-LO 4«i / LO 9 jZ*i O' L ^JaJ 

y. OL^ JJ ja \ ^ t * fL J>* 

-Jjp u ,*Ly* — Fred hoyle — Jj^a — Herman Bondi — 

tklOii' J**\ ! Oj^-" OIS” 'i| - Tomas Gold — 

^J1 iSljJH jj'^5!l JLi O' U Ot-50 JU-I 0jSC" ^ -b- 

Jp CjLj jJ'j aJU-' cUjJ!' I yj\J? 0| V aJ l^JLJa; 

AI ii.* ll> 'jlp- O-J i Jyi OjtO^f ^1 *> j\l 

^ ^Dl ^jjl J 0j£j' jp iJ*di Uijt \^J . 

jp ij£j aa ljj o ...ii jjf jjju iia«.^.* oir ojJj iju o' 

^Jl ajjL JL 0-1^j jl . jjl Jj#l^t!l 
40* JjjS» Lxp . JJ-1 Ijw 3J i^liUll OLyfiJ' JP jUlS”j 

jp . . jlai 1/ t j JUp' l|Jp Oj jdl 0 ajJoj O' ^ ji 

4 ^p AjJU Jjil* Li I j* £•>’ O' ^ yJU O' * LL ;' L j ^LlT.. ) 
J| Jiij jt itL* L1 p j£j i Ljla*- 4 ^*>^ Aj>U jji ^LSj' o 
. jioJi j> joj^” jOt) yiiV' 'ja 

iiLl' ^ A^UIa ap j—j 0_t ajll' ^>»»- ^-t4jl 
j\> J^il ojA OL'VI Zy>y fjj* * Jaa^ aU-U 4 

^P w*l^ L ^Pj — O^^J' w"^ 



j IS} jMlj . j* . JaJ-l j—J-j ; <J' _j—M Li* 

*U^I J.] l : ^lei IS] i-JV j 0 jA 4*LJlI £* i-^llZ* iP j~J Up SjILI 

ip^«j i.jjJI <laij' iiiij /«P -UlJ fijlil ^ 7 *^ jl iij-lJ <lxd' 

^ ^ jUiji ^Jl y w 1 jU-.J' O I j) Ul . i#LJ.I £* 4-—>Li» 

. 4^UU 4j-b^ ill—* (iiiS i 4 #LJlI £| ^ ip ^~J' 

^ y jl jj^C £>-l jZ 1 ’ yz—- j^ If- y ^zit ii^Jfl!l j] 

J»- jAj « jUVl Jjici j! ^^lazJ * JUJl 4 *-Lz!) J^U- 
jJp t o ^JuaJl -U-JI i*JLJl oUl^Jl t, jjiU-iJjl jJJ ^v* 


iJU>-l i*-L~* diJLc jjJL^ ^-p ^Ja-* OlS i> jU~* ijS~ i ->Sp 

, ( jJK !*»*>■ ti-Uzi yt* (J ^ ) S^J-^ 

i jjp jjiy*; V tilf" ■ j~* {£* jjJ" i <LAli jl *^kz«J j 
IJU yij (jr^^ t£ jjj • jlj_>lU <Jp oU ij jL-«* 
i»i« L^zj iiLil £* i^-Lz* ipy-j ^>-^1 jp UajA -Uzj 0 
l(» p-L— J » ' Jj*S* OUSl^Jl . ^ia-Jl jjp 

t »£ Uc » 5-L^j il A ^ iiVaJll £• <~^Lz» 4PywJi j 

isliiJl I» jLli» jQ lia 


oL_L 1 £ V 1 ^ ^ j—! 

jT j» Ir&j V A 5 *' A*■*. '^s < i 

« JJm *j « Jii J^e* jSy. iis ^ 1 J j 
;jT > i^Ai JrUJi J. ^ I vUi» 

jl ^— L-i f-»~’' 4„Ulik* 




i u* ^ oj& V^y * 4* Jr* ^ 

byJ t»mij j Jii j! V4.J * J y^ 1 JJ"' W j^Ui JJ-li 
^tyji jr* ^y y 1 ^ ^ st" 4 * <J*~ ^ 

-Uj LJ aJU- Jp ls Lw *(^i JT J] . £-^i W--J jr*J) J* -ui*i 
ji jjAjj y^-i io* jr*—^ ^* * J ^* ^1 l*i 4 uVi y 1*5"^ 

ly^ai; ^J) iiUll £* i-«b i*Sjlii 5-u <Jp yj; 

io^&j . U»*ji* t^-j j£ jjii ju** 4* J*" ^^* l*V:j ‘ 

J jb- ^ J,?mi *LXJl .ala Ua tjLiiS**I jU Ia..I> 5jj 

iii). Jju j^ OaJ j ^y I A? j* ~—' . J^jl ^Jp OOC oN-iU*il 

jdl i -cTUl j.^T ib* j- TjU^l ^yo Ual U j jj53t ot 

L^xaj ^yi w—^iLoll jr* aI-^j T> t JJJj o*j o yu 

aiy* OLiiU* o| . Lu- iLjl» a- 1*j 3 y _Uj yj 

wP J diiij ly»w> jr* jT^! *r.J fcptf*- (ii <y* Jj 

■ 

: dfc^ 1 

*k.. ,i jl < Wjlfll^.i laic* I J*\ ; i)yraJlj A^y^Jl Jr-J A*^aJI JaJ 

jtf' ai , iiilju-Vl Lfj o^r- ^Jl 0 ;ji yi ^ JiJ Ua^ ^U# 

t J] <J^y*Jl J j^ lfl J I ^cliaJ 4>w?lj 3_jia>- ^a~« ijl^TI 

0yj (jl>»Jl » L i <ial l ) AlS 'Ln ^sLc Aj^j tiilliA *1)1 TaiL* LjIj Oit ]j 
t*JIL* oiT ; i*l*Ji A«mi A^yiJl ( xr" 4* *jyJ jr | ? *■'■‘^ 
(j j£j J^U r iLoJl fl-lfc 4**,aj If ^3 jI ojjuoj jj^Jl t_Ja^aj 4a*&j ^ 
■( Fred man ) \^YY jL—• vby yiLJ . l^L- t»rjy 

\ T - 



ytejJ ^£ V. s ^' ^£ *y?* v^*l 

Ai>Ji As^ts^ U yij ( ( ^la-» VJb 5j£)i ^Ja»T ) 

JS. ot >>1 *£) j t A-SLilOl yaljWl JJ* Jjft ^ i.UJl JL-JI 

A*tiJ tiJJLfc OU <_£yi*t SjLmj ^jll JUIm 01 Jb V *U^VI IJu 
JL*-jJi (3 jrr* <$* Oj^J Uj oliL* ^ U ^J>\j 

. ^*Jl ^y^J> 4>-l yJb iiUi ( j0jjic}\ jJC jt 

^]| ii^laJ) jf. Lil yil -U* (!)t 0 U -bjiJ (J* 

<oL*l* ^Ul ^ a*^ £* <j* V: 

liibc £lyb I fblc j^jc 0 j£lt 3j^s> Ob U*^lj 

IjU Jt* 0U 4e : ai-\ (jj L *-[>-j S l\ (j <_y ( _ r -ji> Alii- Ail 

yi*i/t l«*\>- 3 yyOiy ia-j' ulolyil 0*1*0 ^1 yiVl 

■lagJL-i Utt #bfI <^bj aUU Ail ^yJ *Loi]l jJalJ U-Up Aib 

J a*a»J IJU OU Xji (^tj OJ . Li yt? »U**i 

^ybS 0a; ^kj ^_>JI s jJ U Jm UJ ^"Ml yty a! jlf ^JLM j 
AjyL*ai\ y* iilk •——< jl5~ lij L*-J t-jyj ^j i o j j^\aa a1aIj£ JL# 
jJjdli kjfcJtet JjdM (j-Ibk 0 * jt . Aj^bjJI 

^Tj ol ^ UU, ot Jbu VI ^XiJI r U^V ! J1 t> 

. ( Lem&itre - Robrrston ) j Jai< 

f’— 1 J**“ J* J*J “ Lcmaitrc ~ ^fs 

Ai^kJ V :'** 4 yk> (_y* OU Jby I 4 .W ^jJI ^cJb 

— Roberston — ^bJl Jj Ol—• 

• 4^- lO.i fT . ^ I ^.jUJI b*t . La;I <l iir .. ^ i jj*A> j 






d*b 4 d £ 4 jfll jUwb^/l «; jkj yl 4 4J jyLlII «J cT*J 

f Ji i£j «aL ~ « J * £ J* Ji^!» J i'. kldlS"” ijJU-t oUl 


^.--! JU -1 JJ OJU-Lj 


J-Ui Ojf y* Lri y~»jj jU -by C~pj yjjlj <i; 

ye- I4*X»* ily*»b 4,J J SdU.' Ja~*y* 01 y*C 4 jl'* 

j'»U* 0U i\!d <JI 4*U(iV'jj . <Jy^ 4.‘i*X* 4;' ^ Sjlll it— _y» 

'aTaj . yajjl jj_y JsUJ' <y Aiiii 4jl J »-UaiJ' ^ ji: 

«*u t«s ; \m jui fUii j jiU 4ij^i ^iii c xji ji.it oir 

1^. pi* yJt 4 j yia'Jl l j I yii« <_ Ip^/I J^Ia yT; ^ *~ j Ij yiaJt 

J-**» J '^ yV^J ^iy* Or 4 

C-ilT ^jy$!l y. y^fl v_JUJl Jp O^JI O^Ai j‘ i-T 

iU>- j uTj iiLsAl Jj [>jj' J ^yWt OljjiadU yitdl iL’i 
0 /** y.) yj yVy <v *5* y^' yjiadl J—a' *Aii OU-by \J*> 

. • ^'a — Eddington— 0yi>y' yjl y«-\! OVtiil ^4^1 

yiijt oir 

i rr 


M vittie 


^y Jr s *’y 'zLfyj y;li£jl oj\y ^ 

ajS : L^lflJL* £-«J^ S*- Wr“i <J *^ , “'^ Oj^Jl O' t_A*£* 
i) y>Cj j u^kdi UXp jjljdl yilii^T j_^J Jt> U 

ij^iil) *_^Sl i^b^l olJjkJl <li£i -UJ . (_^l-U;Vl 4*va j y* 
A*<y y i 3-0* ijjijy** £?& (Jy^ Oj-*j 

tiUl'Jk Oilf _^)l y» J»\ . y^^b^I Aj—Jb <~ a >- 

#-ii »*-— »l*-* jL^*1j j ^aJI «U!j . y***» b J\ 

0^j£)l Oj£t O^ 4 6 ^Jjw» **• y A-'lO 3pyill 

iJU- y* TjL^pI ji jJJlii iaswaJI iJU- y* TjL^I ^y]\j 'JXjI Ji 
4 aj O' j' 0*1^ M ijyjsu ^jr{ O' y& Oj£ [ l O' y yli£jT 

j«-o Ic £»ydt JjUj ^ ^ iJli-1 Ai^* J ijU 

. < ^Ul o/ll) 

c ^Uuii 'Oa y* iia**jz* iJu- 

i u*f . y4 j\ i-ui v uSi y. j&\ 4 i«Uj 

y»>iy*Jl |J »m Oj . y* J\ jj£- Ic •—*1—Si -laJy . <) 
c^jy: iyf Ulil c <^1 y*lC*>}U il»U yjly y* A-JUj-iil 1 
-A—y*i ^jS\jbS «bfSb ^L^--Jl JajytJl f * dynamic I 

0^ t 4>+*?**0 • j^-Ai jj^i JaUL) M Lit U 

iiyf ULki-\ j ) iihi^ </yf yp ijl-P U 

. ( aJ-*»Si /k« L^> *ujl i? 

iJlCl Oa-jJ V sL-^>- jl-P-Sl J ^al>^ jil j^SvJ J 

jl>u!l 49WU ^i!l ^LwJl Joj^jJI ot ^J*j y^ . ^l^tiVl 


\ rr 



« » Jy& j&.\ ^ ^ilii. f ^i 

Jit* «-*j^p ^4Jl 5yAllaSl «JLa J£. j) . * laj*A 

Jit. jA « U-^ )) -o/ J> fi-}\ J* ^ jll jyt Jp 

#ftj^ft j**j jiildl ^.i^j bjj J-ax-j . IjuUj j £l ajJJ j ^>-i 
V’r^: V ijj'jJI dJl ij Jaj j' 1$1 j y* 

S ' w *r^r b_jj JL-Sx^/i ol£-L ^•^-J 

J* U a*Sp dJILiA oIj ^I’Jl piaw. y»to . J-J' y ft j* J-i 

lj| . j _jS3l £*y) 5J>Jl' OjJldl ojjo J^U- y . /^.jil j^ 
j.;!i ; yt *i^i ( _ r S!p J| Jj£li ^'.i: lbl*> iliof ^l jlf 
ftUl J| ;ult J^'i- jlO * y^ JlT liu 

U-ot ^1 ji»bil ,tX.» ^a» . -Jj-Uo- y* 1 '^ J'* Jr*^ 

JJ*l!l , jb^T jl J-b yb I ^yai'cZ’t , liL- ^olidl 

I. J £ jiftlJ.1 O-U Jil \a-0 ) J^X-f j' Ujo--_^ j' JjtS 
yj>J g*y$ '-A* J 1 * r/i' ^ J' 3 i 

. ljy-H\ y Jl J - R.H Dicke - JJ j* J^-udl ^>*w 
i!‘»- a;' j yi!' jr^.# • *^! '*i> J 1 . *yt~> 

■ *^*Jr* J'j£ 

>—£ ^-1 *.Ji!i j)j^j J y.£- ^ cjj^la'l oJA J wUa^]' <J*JU Jl 
v Uftj . Oa- jjxr ^ J—^ * ^-j'^ili lfj»" J 1 

. i.l*.C. ; <jtp ^Ul ^JaJL oV' Uj^ij . Jj£|I ^ » jS^N' 
Jad# Tki^- »3_^j 9 ^XiJ ^*1^^ s—i'jj j' ^JaT-«; . ftblS* 

0 *^it ^ iJ y** 9 yi ii^l i^'ll Oj' a*'til laij ^ia;—i \ j 
T > ji ■ ft*A«^ « jy^i Oj^-w' y*y bf' J’* 


i t : 



V* if-. <*■»» 

j~f **»- til ^ j jd** j* j* j <- jr-i 

U jyii jt j;»w-U ^ i^u iijj-i i &uu ijT <yj tiiU'/vi 

<^\i • s* J^u. jrti y t ^£>-3 <J* v 1 *^' ^ 

. ^-l>- h'j 



time 


^jri l* U~ »* ^juUi ^ 4<4JI «*LJ1 *_ ■' i 1 «jjlirJt jij LjaJ 

Slip* j* r*jri l* (*) ^ U l^lij (i) 

(() JjliA^l *1^ J* J ( f)T ) 

UnJyj 4 £yJt !i* c Ua-o Ijli \j£jk» 

*1 frl j i jr ^ll <iy^a\\ Ut-b-J jbitf. t)i ^ia."—> UJt 

u 4 Jr- 1 ' ^ p‘* ^ 

jMv» «iftl> Jli I'd V J ^ i 4jiy* 1 ,* ^ Oli i^U uUU 


\ T s 


V <v 





j -y y Lbj- ^--'.i 

V' a^ap 1>W 'o* 01 . bjj J-*; 0 ; JJ 

J 0 pJ-l-Jl * j^fiil j^lp j! j^» i ^ jSl (Jfti>dl 

jl . • T yt I iib^vU 0'*jy!l Oli y* L* 

J^ii' ^ UjTi UiU W iibi** a*-O' j i j**> La/ ti-VU* 
a*-^^* Jl 0^^!l ^ y^ i jj^<^ ^ & ot Oj^/l 

* -by ^'J*J i£#U* * ' ijjA jj*J I y/Ji* U>-' ^»j . J'J-I 

<£il*-» J* *A»Lll J^Jb* vi-^ p.’Jl £yt olT Ly j ^'p ^Ji 

£y olj \+Juyj U>-tj £ji o'i ' ^.Am i k iJaiVl ^4 
j' J» . ^-AAJ (J t5 J'"■"'J Ol jL^pVI yi*J . ^ 1_A*it , y-T 

• J*J' C-«-A# JLii . Ly-j Liy- aJjT i^lai J>*' y i LbUJ 0 

<J& tdij wtli’a^Vt y 4PjHwf i-p—jl AjjkJt Jl i-C-Jlt \J^53l 

jii*^ / ^rj ^j* y> * J^ O O. ^r*yi^ aj Jcv ^ <1^1 yft jbjs^t 
: aJV* y> y*i 4>i Lbil I a»«*aQ Oj* ^ *jy** j •*' Jb 

o^jJl JjLl l-1*l jijj o y^ jf- U*i JbJlij j-JV lt> V -Jl 
0* j* Jl Jp ; £&U ttj . yteiX OjT y j Salll Jp ^y>JH 
js-J *i«a*j jiUi^T 0 ^ j! ^kiJ V t U-i Jj: 

Lu> V 0^£)l lJL* 0‘ c ^Idi j tjjf- AjUp ill 0^ J j^f' 

•—l> t^llp j S' 4* Jl Ji*-j# ^*4 yll ^ fysy 

aUa'^II *a yrZ V A^JiJt p* £<3 '* ^#11 (j 

Jj \^V» p — William Me crea - l3l« ^1# 

^*-.U ^p , -*^p (j ^ptJlt ( <JaJI «»U Jp *_Lilf»> aJ 


\ ft 




J fl-Vji jdl 4>j*«ai\ ^ J i' <-r>f: V *tj*^ [> ^ ^ij' ^'-* J* 1 

l* ^ <iUl£y Jaaj OliU^* ^ Ol»^Uil £«j»- 

^**5 Uaj' ^yi ') ■ ^ji*'^ oui^ji w»l« y*A i^jp 

. O^l j ^4>w9 O' ^ l a’- j *i( ii!i jJ(*cJ wl»WyTih ^ 

4pL«a!I a*w*'jj A*i-’i ji*j 4^>-j jy»-j jt til j r# 

^ L -^' U* ky f 1 * J ^ 4 iJU Ai^P L. 


^y^ r j 1 * 11 v 1 *' J 



J}j<i\ j* U> ^ u jl. r«• g?M *£S <j ^ W.L-11 i-'jr* 11 £* 
^j*cJI J* • j-AJ^» JWl» j ^ ^ VrH fJ^ 1 

v^J v* 0< ut UT OUJI <j Ubs. V *LJ J-f. V 

' t l Jtt. i ^dl «*iH 31UH jloi. t j mimii £>t *X;*Ji f j*!*^ £-'j* 

(S+Jl ♦■** «> 

MV 



uJ -L V ^T** »!p *M7 L*j ^ JJ**' **j** y ij*' 

JjJjt JjU>- y jJl (^Jo-aj J4^J) (^| J\ y 

^'u I_«Ip jVl i!!j w->ly^.Jl ^ jJ trJl 

a-U jl y ^jW Jp . ~ Dlbers Paradix - <j*j^j' ** J** 

'A ^Ij*- J* Ji J* (J?* ■*» 

JJ y LyS J-bJt ^jJa iSJ^\ 4 ^ j3. ai] t >AY1 f\* 
a-U Ji - Edmund hally - JU j^ol ^it \*S" Wit ^Lp 
iiJAJJ l-b- -la—J' J&iJl C-^ ^ 0“^- ‘ ’ f' p **"* 

*L£l*\j *la y* JJ_!)l J i/l Ja^^U 1*5" 

%.yj&\ \Ja ) *_j*oJl y " 5 U'p t^ai J ial ^la)b ^ JJ . ^ ja>‘-JI 

k J5" J* . kllUU^Vl £-*P- J •jj'»*{J 

V 'J|;^«i i-u- Ou-7i J? f t ^JI JP iuuii 5AUI1 cjiT U& 

a-b-j Jl J«p 1 jJl *^i!l J-li* O^i *jxrfiJI P j^i ^ 

j£i, . jV'i >/iJ . ^Jl bu ^la.-- 5 > 3 } J- ia-Ul 

. i r u^i ^ y uiib J *> uf ) i Al ~AyA 

wl «aT ( *JL»Hj * ^>»'Jl j^P 4^bc*#Vl jVl ,*Jat —i Uil r^J* 
kl.^ <Ji’b **jy V* ^*4' <j* y^J *^a J-Uli ( jr*jy 

» a<-u> j li i«i5sa j 0 j^3l <Lil5^ A^a j Aa~>«Ja»ti ^ ku * 

aii^ . . ^pjVl UjT^f 4^L> c--l^a 

a ja>*$ «Ua ^ ^ y aLC—j • y*l\ j^Jul* Ji til•- 

- i£a j ^-.11 jp A.u^li$l iilUl j w^- tj ^ -JJ __ 

^;4io ^AUl y j Uj4» 4#^ Jp 

J^f j ^p Ji—x jJiJl iJLa ij^ *-yJ &I 

. U^Ut t*lif y*_y*i j' jSs/f o»LaJI ^^>«JI ^y« 


\ r a 



O'JLwU ^4 amIjII olil OUa'w fll'i 'j| 

^■»w >x -uJiLl i Jl j Lv' V liUl Ujvu- Jsl-J! v ’~J-t »JU 0 * 

ji . *b ^ ^ jAJ *U-JI oL jJll t*'x 

^a.J! Li*:^ IpJjT UiM«Jl i*'i J^Ul tJj* j' 
i.-^***^ l^ ya ^< U-*>- ^ A 'y ^UxJ ^ 

J»jp%'il ^'-j*-NI *_j-Jl j'JL* jli i ^~t J . £*'^' 

j£\ J| . j , 1 Jl V ',J-I 4j L; 1 / Ja‘ jX- i>j^' <> 

j*AJ £L»XP J.4T—^ ill *^jjl £ J jl 
*—*jJi-- <J^ Sj^cj ^V*"* 

. i.Wl ^ijil'i” Ulx ^1 lJ*»j t l.*-^i Uf ^Jji 
— Olbcn and de che Seau — y ^j* J S’ jj 

4—j Jl— 'jZ* 63 \a 2j>"j J* tfjlcJJ U->-^Jl j,*. rfjji O 

Bondi iS^'y. ij**j ■* *j • y* jj- j> 

j> 1 $—i> Sa'll V> 

JJc-jj l^JI jjlj ^Jl jjJi J 'ao«j *,ij J,} J^r 

. 3*J. iy dJ’i j£ij Jj r. j *.!■ 



U-k'^. j <ttj If fa- jSJ ^J1 AkSsil Jli" JJ-iil Jj£b ol±)l «JU>I jjy j 

Lr£. I^Jb. dSj^i. oU J* «&»- *. U *0 j L Jl SjUI £.1 Ji 
ijm jwi 


1-f o 


1 M 


(i j- y? o» /oi y*» pfU 

• ^'iwt *&j l« ipj) ^y*ji ot jj 1 ^ y*' y*y\ ijji^ 
^Sli'* 1 ^yl ii* ot * oi£if |1 i jJjJj y y$" I b>Jj 

Ja'ii** *d jj Jr^* 1 yV'aj • ^‘** 

y-~* ^’'yj O^iit Ot bj . yy* baj-y- 


%_~a- j) (JftJaJJ JyJ-l y^- S-Iyjl SaM y psliJl *■ j*aJI JaJ? 
» 0 % i-JyaJt ^LiV' Ji\y yUa*! c---jj . « J j .y* JyA* 
jl-li* i + l*ift yty £» 4yllx» Jl*- A)' *y^Jt 

jl yf jL^pVb 0£"y j>-ti L<A>j . Lajt iyy-J ^Jl if'kil 
*iUi yJJl J *by 0^£* O' O'j j' a*j'a« 

Ait Ojf tSy.' jli* y Jy^/l iii'lX j . OV' A.V ^ \S 

^UM>VI 'y-^ lij •>“ J*» ^-» j' 'sJji j£J> y OT 

UlO' <5 - 0 * y_i y O' ' ydi ^ si O' 4 AAAi 6 jj*Aj J i \AtX*Z£’\ 


jt jyUc Olf lx^ v <5>’> ^J-JI ot Jyb ijp Iyil itiJ-A 
Uy y~ij O' A--ij» ^J»Jl tOlf { j ?\yil O' iiO' '/tJ* 

► aU y' iix>-*S« Ay>x J.'Ji o'-fj 0:-U) yJ' J] t£>' 

. 5U 


ii l Jl O'JiLil »tyJ jJa y• ytf Um ^U aJ/^-I ^j 

jjlf" * J~S C»\iyt^ -W—« JjU 0yii Oyfc A»^l tiU>-| 

. o/« J Aay»yJ' iijawJI J UlijTi ^ 

g ^ 4 a *- | j £f) g U^t IS Oj^Jl r v J*' «Tji 
O' y”"t 0 ^1 IOa 4>j’a* I4a C-Jj J^T o/J' 

jCli ot 0j$3l Ja wjfr ♦ tjA-l j ti jf J.U0> rff t5y-' 


IT • 



J, Jail Ujiki £A*m «ip C—J . J *^tj* A~J* 

ijjliJl AjA*p ^ 'V A-*^ Aj»«p Ol jAj 

£ji jl *yll ; £*ptj (J^*; Ajtadli jUtf»jSl t-Jpl j*--AJ 
l*i i*>ydt c jUI jap ^ m.-kJ Oj&t j* oAjO^ »lj*-Sl ^fc*- 
Ip' y I **JJL> jVt ^'<w j* f A-JI «ip iiik A» jyb j»j 

(il!j j* p> J\ Jpj . V 1 *^ 1 LfiyMp Li A^^JI j* c5^* 
y^Jjl iij’p* ^ CiUplill CJl5^ Ail . i ^ail A^ J\ 

iy*^]t 4 iJii* a J ij *J y*il jjJL * J} «t ji U Jp Amm 

. iJl^t *-u ^ Lw» Oj£j Iap t iUj ^--iJ <J 

ojj ^u 'aa iiij • jj~ aj .j £j“*ji y j' 0] 

tW*P Wy 4 ;! &\ IjJ 4 L*J *ii|j Jp JP^ ^ jUpj^I 
jj£ll ^ aAyvJl SjIU jt *tip JA^-I .jO* y *y V JJ'Li ^ 
yly 4-^^y*^ 01* {£J~' ®jt«P;J ^ll tip <£ La/ 4itt 

il»-^ll oAp 0 ) . Taai yTty Sj 111 » U y / jJy 

r 15 >f ^ L>y*J cMy U Lj£j j 4 *tp <^1 JjA **Aj y3 01 ofc 

. \a jT JS Jy- 

y^jl Aij'A* Jp* ajlp} uOy' ^i)l t^All i-*ly> l b- £*lt y 
Al jp) ^>y>j < lj £Aiy (^1 * ^A>ypl5** ^ j_j^Jt «-L»'p 
. i— Jtft *— il<»3t »»f ^1 A*j 4 — Bondi, hoylc, Gold — 

T*j|{- tip Jy»- ^liJt 4l^»- <^A)y i^*P- «Jj**Ojj 

0 j£JI * l -'p J*r ^ ^ yM jiUJI tii 01 f 1 £jj +}£ J> \jS 

. o/Jt ^1 p ^ ^4~.'a1| JajJI &J j ^** J ^ 


in 



J* w-rrJ kljjl jSH\ jjJ'jj-ill U! 

j' jj-t^ l$j <uLJi oU^ljit jtjl£i ^-jlt 

j jj£i\ *'S* jvi^-i c*;if oil . tiiii j^uij r l i^*.v> 
j-S j* 4—^—*i _*^* i —■■* a*- tjjji ^jjf 
j^» iJ'- ■ ^To . ^ ,j ( W.D Mac Millan ) 

*J jr*»Zj Silll jl J 

kS'ma »jy*>' J^3 j *j r. '~* J cil 

_;»'"•{ b*V.P t* £j*--Vl jl ^Jjl 1* J* ^fJjl 

rl*—•! ^a wj jl Jjl *li* 1-^Aj , «*b ^1 (J^»"jj »l i^v*lt 

aji.1 *j>-j (Jr* ^<-?! ^ *a_Ajl ^xJt 

• r>^ !l Jr! ■tj^'l' 

: ptn^j&Ui! 

.^*J> J ^dl AjjJalJl J* -A*- i_i]j li «*i* “*^ 

i-A-'i j—>5 (Js* Uftjyaj OOwl ^ i A pb- U)j*j ^U'^i 

jS 1 J i J 4-A-.. ill U^» ^» i ji I ^U>- U^- t» I j5" * IS J l i ia»—w 

'aJ. : .j > l* U^o^Jai J S_>ia*Jl j} . a*a*\c- ^* 'jf 

u.* «*> jjJyij Ol-jyOl «-L.lf* jl UiU Ljij -uj . ^bdl ,^^11 

ji JJ l x j/3l J j\x. JT jl J^j toil l-Uj ^^31 UJ.1 ^/-Oj 

^j .Jj mJj 3 j^a> £^aj 1.1*11 1*1*j <ui j>*l jl£* ^1 jS J»- 

J>jH\ jl au *i'.'ill r 'o J C-aio-l ^dl oU*l j»Vl 

jrjf l^Sj^ -1 j^^U Ijjf ^J* *•—-*«3 

jit ^aJl ^1 ji^l ^jJu fldl (^y&t 'ail J ji >jil a£* , cfi 1 #- 

'T T 




o' ti' <y J 1 ’ Jy cr "j * 1 *^' 

wALJl5" UjJ o'5*j 0 *^* ji"' ^ 0*- tilj *^'’*—* f O^^J' 

. i^ujL. t^y' J^A-JJ Aaydl «*i* 0^ dl'i j* ^i:; 


• y^ .jjU-ll Jj^- jJaJt jt JLJbj 



(Tcmas Gold)(-dy ^Lyy (y-J dl) Herman Bondi OU^ 
4uiiii sjLX-i <j■ '“- y C»tj c>yji y* li* uiiuii u*j 

Jtf ij$J f > J* *■ &>Ji </'j V-^J 

^ j&l l-L-JI y^Ji Jy j\—J' Jo»JI £r**i *■ Jr^* 

. Jj^Ji Lit J* tijL- 

. w>y»*2l' o' joJl (Jtf- ( j^y*j iJljj-i)l ol : Vjf 

OU>l lj} <«*»l*- £yUJl IfTaU'' 

y.T *y- ^ ^ fi\ j^0 Ua> ai~- UjO* iy Jw l« 


ITT 




4 gyj Uil# < _ 7 —%-iJt J_j»- <----0 j_^ll ^ 

. A.'Ja'JV Tu,a^ t-r l 'its fl-U jj . 

w 1 j'»»'J^ yw» *j' L£j*' iiJUll «Jj*> ry^a'j 

O']o»^ll ^ » Aj^UJt w^LSilill ^y» \<«j - Ajtay,iJ( 

, . Oj^JI ^'p J w*A#Uilj 

a> V * j* U^Ti U5j , jJca jjSj Aj^iai ij ^ : Uu 

ju*ll a* *-fljj-i!t jJIj£II jjtf iy_T jp OUilyit Ji^y o* 

jt L*5"* T*1 jc O ^£ 0 * yi'Vl dUjk ; i*lj *jj-^- 

iJu Ji. jl a) y>^ Jaisr aij . La» afj. lif. 

j'-xU ^ o'.r Ui-a* jj^II jlf IjU s* 

j*jf 41 ^1 j j-itoi** (j^ 1 a J *a*aL« j!l ^j 
. «>i uT yU y » *b jJl U&j 

«y J 5 " •*!>* 4^y. J apl ^ 

O'oyiJl Jy- ^Ji> O 1 .^ j ilbr : Ji la 4 < oi^ 

J -T a j^aj OVl J> ) ^1 j U pJUjl 4<L»5 Uj 4 4~feW 

. ij^USl * ^* 1 ^" * JJ~*i • jWl C*lf**j ij* 4 ' 

^JiJl 0'^_j %}* 4 y!Vi L* *iVlu JIJ^ bc^j 

^liOl C-^ ^ a* V 

j\—J Poptr J>y Jj'f Ji j* U 

<-J jay Jl Ul j . yiJl Aitja ^jk ^.‘iJl jylijl 4«uJ» 

. jU^ »Ua4» L* Aj 

<4a j*1 jki~*)l\ a)L«* -,. ’^-*‘ oa» ^0 yj, { y^^- 



jJliLl J* AfiyUt \^\ Jp V-'-Jl ObJiJb * J.\ J& lij u» aUi 

^a f 'j t ( 4A-IJI Jr: oL ^1 £ 

^51*11 ^ jv.4; L&»j . ojt j*s**\ <■ ^r* jil y> yz*.\ 

J'* .-" IJl* Jp J Jam'll I ^ j*\ <Jp l)’a 5JUaU 

jiyS Jj ^J*i ^ ‘~jf. f'JasiNl ’A-* j^/ T^JaJ^ t Sjlpb 

. ^»p jUtj* £V*‘ A ’ OIp^j 

"AbjlaJk ^ j)jt Ja> 4 ^rj {y A*»*WI Ob ^laJl jjwiil Oli !*l£aj 

• (Ji *>* ^ re (i u ) ^ ^ ^ 

n*>y Ob^iii ^ j_yb*cJ N y O^j til*. L>lj JiJj 

tsjJll jS* <1*»1 jlJl v- — —i*l<Jl ij^JaJl cf* iiiliil 
*■ ^ f 1 * t*l£i (3 j^i «*Ap (j;-*' w j£ * l^i 

Cj y ** 1 ^ Ob^tJl a*i* j} • j£ I >^-jI y Jai* yy jiS^ <**> 

L *j J^ L»ji jUi-l .^11 j 4 jj jil ^-'^31 <^>b Joj 

^ ^ ^ o' J*_j • «*A* 

Jlf, U-p ijjlii f k!l Ui' ^1 J Jp oJy^j j* jT 

»j* J~ju <J*S jy*s ^£A ^'p ij tuj»- .i^,w.,gll ^ 
-Uj ij^jiaJl ••A* O'i? 4ij . (—tjl^Jl ^yf j'jC aJU* J 

• jj-j kiA'i y uip ijij *-p 

j J&» J^SkV i^jtoj^l pj;) Ajlp 

^ will ii\i^ Jp JiloJJ SUjU^ 5jA <jb ^Jl 

^ 0 y*>> « -bull ^*«il Oli i ^J—Jl JpLXT U01«* U£*^ Jj^Jl 
j& J t 5 Oj0»- ^-U ^ 61 SjULI «Ui 


ir* 



o* *£& ^-U 1 Jpj t Vsi 'v y^ 1 

V s ’’-" *ijkJl *■** otSj i'*j Jj^l j-L> . tjc-'r^ 

J y.^/1 j5^lj . V‘jL* (j*J*t If Oj^JI i’r£j » 

. J*Ui 01 U : ! p 0^£ll jp ijaj if} yii dJ'if U «-J iL/J-l 
^juII j^Uj* Uau* J» j>* ’ll 0£• t £~**r ij 

i»^u* ipJj'i * ^ ^kuJ t la* UX’ Otf «Jb'j^« 

J« \ j~£ f*i-ll *P s* **■•L-Xwi AaJ-J-\ Jj , <- f^l\ 4*J* 

■- <jV^ jrf ^ Ji ip j*» 

J-aJ liXPj t ii'Ul j* ^yafbi. jOi Jp Jj^aaU ^kr-J la£>« 

. Ilk* ^X-lt «0> t^y 0* £jki~j *i/ V.** *■ j*cJI ip^- Jj ^0~Jl ip^ 

j^II kj>- 4t*>- oj£j V iiJ'i ^ 4*' aj'It jj^I '/4*P 

-kii -ky*«. it Oj^!l ^Jjl *5 ill J^JtZ <j| . -k il 

oJjPj <^4>^J < ^Jl1 j* d'S’ wUpt*4* ja . o’iJt i :£jl, 
Jaip- ^ — - ^1 A*j*itjl SajOpJl oplil (JOjv* A.'UAJ ♦ jl 

^i*t J ijfrjjr^* *y J^- 7 Ji ^ Ojly.11 

♦ ^*>P O^J* ay i£P'p J^*** * 

OljPj <^4>y ^ i-P*P* *^*Aj U> ^$*4) O' ^-£j 

fX>%:~) ^ . JJ j» UUiili ^-Jl i^-Jt 01 j^l 4*^k> ^ ta!x i i;—• 

. ^jLsjjV i«uii i^yijij Ovp’pjt oVp 1 *^ jj. p j ^ 4 ’ * j 

»^. jT UfUa*; iklf ^^tl 'JLit ip\ :< ^ ^b. C. r aij 

. olplj 


1 r ^ 



jtj jL jLLU 4»-l ^^1 *-fjfi i) «r«*4l' J ^ j*< J -^ 1 ■*•; 

^> jSjLdi IJU JU^.>(M r*-> ^/' ^^) U=ij£« 

*jL r ks- j£ 4 J Jl old! i)U.l J* jt - JjL 

rjf J il 0 *J . j,^ ijy 

• Ji^ f'* WhJ*’ V ^ ^ l (j 

J . Lf^' * L**** J'-ol Jp j'f ^iJl 

^*J* * jj**i Jij* *1JT CJ'f Ci^Sl ’Jbb 

j'iJl ol£*l jlfti Jp t_p'i j'f ii!'i Jl j Jl' J’j 

<j* j-4* •*** *4-1^4 Jj . i*U'l 4.-.JI £ *'jVl cJL a 

Jr** ^ y~ CJ^ll Jj>J! 

-U* <i-)i d>L*4 -u j ^ iU jp*u 1*4^ jJ$> j j>-1 ^op 

y <jw liy dill'* j) . UIp a* U 4 JI ^* 5.^1 

J* U'^Al Ob^liJl j 4*»- j* Jij^j 4)y-j lS-^ Ob^ia" 

V— ^ oL^i^pV' <y )\ Jf 1 ^ <Lr-J' 




•*W*j pj U jLspVI . oOb Jg$ 4#l^J1 

JUi (1)UU <0- ^yL| * ^]J f Jb jt 4 JUj UJ Ljyf 

. TaJ* Tjly til'i £■ j' V L : ) T jji La J y&\ \^jC.j 

ia^Jia C~<»yu Oly-Jl J^U-j SjUwZ* O'#j' ^ii 

^Ip ^ t/ 4 Jak^ai ioLJI <JU-I 

iil*o-1 Ip^ b: iiyyj *aJ} a J _ r Aj ijjjlJl jjI-aII £jy ii J< ^ 



X>-j tf-Hji »*jl js» l- — Fred hoyle - Jo* *ij* J*j **J 
*i>j .Uj £—; aUj^l OlT IjJ UJ W ,JUH JjuJI ^ Ul i*U 

iokji .*u ^ j^ian yrt oir A*i ouji siu-i 

J Uy&j ^oLd]l J/* Jbji jiii-- 

Jj^olJl **.JbW i*'.«!l ifj&\ jp /i U Ji Jj'^l <^‘jLl o#^ 
>uu j. ,/t 44 * Uuip <aJi^-\ fjj . ^ 

O'jLJl! xp Tjup JJU’a Jj I Jr*^ _>^ball «ua -ujl O***^ tlJbiS'j 

j* /vUU . r Udil £jydi ^ <•»>* If ^4 a*Jl *-'AH 

jb>jb jl»I jzil ^yJi <-~r*. ^ Jp- ^5" i vyo 


|l i jyjL ^'*a!lI «JU jOp j£Jj iil-JLl 

^ ^1«S> u **\ yib *lA'i Oj^N *'-Up ^y* -l*-l Jy^; 

*ii^j j*jii j pibc;V( ,yiyii f*** ^ v^ii yy*R ou 

>Jp i^b jjl t^J*5 0^ »iJ!i •**; ^y&C j ^Idl ^xll (j&J ix*i 

J* tij^' J^lji' J l|> j£\ j4i ^hil J) **Vv'' *i>^' 

^bJl i»^Li iiL*» X^- Ji iib jjt «JU . jj£ll £jjl* 

. 4^a*j ^ J*- -U/ 1 J| if LJl SjlLl j/-U-bj £»j 

i-JuliM bjU-l i—jy*j <J yj ^all Jn*iJt jlT 
jU*»• j-- iiU OUL. j — Steady itate-theoiy — 

^j 0 j* jtj* •**! j^ 1 •-** ***** y«' 

ydl i'jldl <J'^I Juyij £jj <J^ Js>-I ^ L>.tSJ jS'\ <bjt> 

^yi> . iL, j» Jl\ £jZ ^ »jJli ^-g j J.UJ jl C^i 

jliy lij U»• jV U* j yc^- Jjy» * ^ l» ( . jJLidl 

itjliil y ^a yc^ iJa yj »iij ^^u*!L 

J* <> ^JiJ Jij 0 Ji^ s~i • V’* 

J'i 4j‘j£!l <j U ^Lic *J y» j ^ &l* 3U> J O^£)l 0’ 

kjy* j*y £■> • J* v'j^* *A j* *iy u 

iDi bjTij * ilT 1/ J>l t)yjljH j^Uall JUp Lib J jl 

yic* jj* aJL Jlij 0^ t ii'-JLl ^y* 

oiiji iju-i <gy»i £• W 

y*£j* *y A> ^ AiiU OL-»^^ y C.>^f Ji OjJ" £)J 

w-^ ill} i y» C-wij (_>JjXt lia yc*-j , Cjj ^ ^ . y.7;«d,l ^ 





.aJ*'— i j UA As^l) 01 *y^» Tj»- Oj-ti Jtf*V> 

j) old' i JtC J Oir ij] *jt; (JiL* ClJj ^ li.’# 1^" Uj/'i j) 


o' j& J- Lr-' (j ^ 

o-J 4 jIi j^f) u^/ ii^^ad) j Uy- >^tA ^ jj V : *ci 

OU*)y»1 ^iaj ^yJu jl L» i*i jf 4j Ja) *UJ Jp •& y* 4i' UyJ 

. a id I ^ I<AJlI jA *X_^ jJl Ojj£jj ^'lix.^/1 


J*a> J 1 JJ Jw**!' ij «Jupy> 

old) au-i aj^ **ju> J ouj* ^ y- oii> o) ifJ} 

. - ,> - ^yjjl <*Ip Sjj^ajj yUJ) ^ U«tfU -LaJ * ^ 

yJI J^JI a»-t ojj d-^»Jt ^Jp y T j*:* O ^ j) 

a.*£)I ijfa y» Li£*j yl) • jLo •■liyiJI <?J'i V; ^ j~> 

. ^a» w J L»jJ yJ) Ua t aU»JI <j k-—'yJ) j'-Ia* 

U-i^j ( ^.jjl jj* ^ ysT VtU aaUJI Ur-ik* ^ UJ^p oil 
— Electro dynamics — 4yU** w^V^Ia* ^Jf- UjJl 
j»l 0^ L—'Jb^j t J«wl —a J 'fl * )■ y f' )■ ■ 

y- (^J 1 J* 4 ^ ^ J 5 ^* J 1 ?’’ 0* 

^JoJ Id)# t O'A Ilf V) ^ y *<f V j'>* aT yd) OWjil kJUAJ A|) 

^ 0'>-y.1 duA; N>* i Ousl* . 4-* Jrii O' 

ahULl d^l ilJli c-Alif V j O’aUTVI ^r*^* <y 
«'if V) ^ t^*i' -iuy» ^ ^5^ ytff V 4iyll ( Ajyldl {£ 1 ^ 

y O^U»jll jt *ljjyll |ltp ^- •i ll»' Ji j>j* J* 4 ♦ l >' iJI 
U^5* jl l*jLi*'^4 Lj'j tiji Loj'j . (Jr - *- 1 ™' Vj C ;M _j^- 



• ^ y ti-Bij j S«# £"jrl **iy^ 

♦*i* (jr! Vrr - Ot» alcp^U i jy^. _J«X_ 

• ^J 51 Jl* J* 

jCc O' 4 lSj{ 0^ i*l* 5j^-*i *yil 

O' <iJJi jli 0_j£l' Olf Uli . Oj^!' ^yi (J <w O' 

^'JcLt 0L»l t *r*j Ojli'-^ (Jj O' {SlJsJl 

til iy« *u ^+yr ^-^3' ^L^J' ' if £*»o 

. c/^p\a«J! <Ui>JlI OyJ ' ^ jlijt ^u-j^l O' .^w Uufc ■. ^1' 

O' J )\a U-up j c*c ^il A*pl»Jt Jyi-l i*JL‘; 4*-J» 

ij^-oil sOf. ti.\li p; N { Ju^ Oj&l J J-^aidW i*A'i 

>V^ OUuy ^ilc oti *— P. E Roe — jj -ui . *^ilil 

— Ele ctro dynamics — j £ jj»^c Jjj? V Oj£u 

ici* • jy^.J olSJl y*i*l y O' t _^>- J . £y> lT 

^ < SsJlj 4)1^1 ^IL* (J tijl* Y-l#*- J,\!i ^ Aij j 

. JuJU V^A, j' 

or ii) U-» *(jfjlill J*L-Ij \,CJ . jld' jJI \Jjk 

0^ ^£*1' ^ *1^- ^ j*£j Ja>J' £y*y w*'yr 

cM 0 4 **»'■* Oe 4 * 1 -* ^-jA* Or 4 ^>j& 

. t* 1 / fcb Jy *^L*' j&\ Uj*P k-jX ^y«v> <*J** jJ p <J 

*> Js» j- \p j- *=•*>» gr 51 *UM>Wl V^j JSi 

*-Aj*Xp- OL>'^il ^1 OU jjip^/l j 1 **^*^' j* oHi aJ 1 JLt 

*AjU>JI Ob^JilJl til’p ■ L'jOJ <i yUA .Ijt^ k_ .Xv 

1 * 1 



^ ObjliiU iwLiilj i*Ut j t ijjj+ll 

dte fi\y . jufll ^ o'J ^'/u^V ^-*J lr W* */' ii>Jl 

Objlki ^La; yiJ' i-i-T jp 4 y* i^ UjO) £j\, ^Vj M 

>8* Jr* 11 Jf*M\ jsjb Jl JP Ulj Tyi r w ^ 

J-^lu uMf. c ipydl ti»WyfVl < _y»u UJ yiU;— . I^> 
• JsrVj /»' J* L * u ^ 1 i4 i J ^ 

i*-jy3 C-«p-i \^V ^ f p C-i_- y|Jl ^lyA'l J 

i 4U* by yy' ^ i-*Udt (Jljjkil (£Jp-l wtiol (Jl iio l il 
) y-T j'*y oily ^JU* J oUy (^t ol 

J*J1 j- T jS Tyi oj . isy ^ 1 J ( £yfl J W 

t. ijjU-Jl ^ tj-iT jt jS^Oi jl J«u)i ^ t S«i yt\ J& 

a —i a—*1>JI av>^1 j I Ji j,Ul £yJI 

OjJbj- (^1 Jii£> jl jy <Uh**. y>Ltf -LJj jy 

- ^ri 


* t T 








jir 

■ J; 

OL'»“-Jl ij'Aj (J ^ <Ja-A> <*_—< 

• l y 



n’ 



4^0^ y,<»- '>‘^ 

-J f+’h 

> 

r* 

r*'s* 

j ur^'" pr Jyr« <jd^' 

U'V. 

J 

ia-ti 

pK-^i i 

>j—4/ j-U'-j 1 ^ '5"j . ^„p- 


V 

iA>-l J 

* ^>«i! £ii -wJ^ y 4&y.£- 





. o’-l 






> jU«Jl J J Ol^UI 1*4^ J Wiyl N C5 1 28 I y»»* 

f_^J UJU-I ^ JU jMj «t*U »j-i-w U J*Vb Vh a 'j 
0j& ti* ;Uj1 ^ 


UT 



f j j-S J d'f Uii dJ'j gj 

*— J —* { Martin Ryle J JjIJ J* J* jr~^ J'* ] 

O' j i ij^aljJI tvail gSlsi ^Ja^p'S" 

• 1*^$U! LApJj \ i J>‘ wLj'v^-'i/l « UP £v»jJ 

cf^ 1 ^* 1 J ! > J* J j -*J A "*J 
i ^ytJsA-' OUJI IA ^j**J1 Jp yVl' iA J 

J;:~ J* Ji'j O'f ■*> 4 /-' Jf-j * </ 

iil —•* AjT XP l AiU.il ^Jp J ji'-icJU <-> ^P i.'«pb)l iibll 

tiij \^*M ^lp '“* J ^* ^i_j . l r ji>- j^- 4 '-ur#* a'le#* 

yl ail i4P o'# t 0 j£l) (J^ - * * *- ,; "* * 

jTUil £»j*;!l J^t . ib jj-. i^iJl wlil-.il X’p ijjjil^Jl 
y*^ 4 <j* J** ? ~l' 0 _>£j **—/'. ■>'■> J;- 4 

£•<_jSll 0^3 1 j-AUl . tili J»jP»U <1)1*1 wlA 

^Jc—il ^Uti^fl ^J+JS- (jt-AA) i^UUa O' ^vai»«*i 

jiUoll ilJkpl j* Jil S^b j tii'i Jil jjj ) J y*+ 01*1 J] 

* olill <JUO ^AJij-t uTj ( tu, Jil ylva* *. ii'-il 

U^p j Jjt) . vr 5^ £^*j? ^ O'^aill O^ 

wiU: U AjjjiW >Ull J JbPj If yf T 5a ^ ,! >^ 1 J Ji'J 

0| . 0j-A£ j i fctfl au-l 

. *\ # ♦ jUA* Ilaiiv O'y JpiJl; Aoli5' AJ'i-l <j^lii JJJ 

jll ^ii^oll dlUw Oljl<4pl ^liS ^ ^v< *iJlL'* 0 f ju) 

* Jut Ot TjuI V ^p'Al utk»i j^J j Lf^#o tl*y O-jJ w-p- 

• • 0^' 

u< 



Ja£\ <1? J IJA Ji* j| 

*>^l <i Jl>\ ji’-ai 1 ^r^2 ~ a J*. £ tjy^. 

^fi’ -I*?*’ <. ^1 j ^'i j O 1 . b*A^ yiS"”’ ^11 

U «a>- J,J til-i Iia^-' *j»~»i j a ' 1 **;.- 1 

ou^‘ </*) mi r lp ^ j .j^' J' u*~ : jT J 5 ^- 4 

^ LiJsj-j J >Jj>- ( jj'-al 1 < >* C JJ* A : 

j>-ip j| i JyJS j jj-bj • ijly- - ' 

; ^U)ir a«J^» Olj'pl j-^ a9% i. *j' <j^i 

^yU jj^Sli jr'-Sl j^!l f ^1*1 Ajy-i^l' 

j^/l w^’^Vy* CJ\» -uJ . iobll aJU 4 j^u.Ur! 1 

* Lj^aJ A>j'^-i« C- 3-^.-^ 1 ’y.j '•*> OIj^aII {^>2 jjL-Jlf' 
C-Jir AjO- idl j'^UiNl ijjlii j' ^ J** 

Aj!i-1 hjev jli C-jlil' j_»^Jl aj j]al} a—-JL a^»W 
jt A.Uli!t J* J' a^-j Jjj* y.l ci_jJl tj> ^ . tle>- -Lit .u; Ai'ril 






i&li' i!U-l 4 >Jiu j* a* Lfcj yL*ll jU«J l 

J >fr, fj* J- J* • '*V1 flo JU~- o' X 1 J* ^ 

A)i!» JJj Jf jf^j Lit ij^J 1 V->'^ J* Ji^ 

. j~* ^ kS* 

; i.Wl L~$ ii> J iLP 

%jj£ O'i/W (J 1*^”* liP t eUjU^Jt jl-^pl 

i.-.-Jt 4> ^lii til J*N ^ p (j,Vd ■ <>* ^ 4 p-^ 1 

^V pip JJ olj^d' ^ AP y->Ji. ij^tJ' e-ip OU; sl~>- i*'*) 1 
Uo *-<_>UXjJ . i;l*J) e j; t* OJ’j y j^/l Jpp* 

9? <J\ j z j iiplill e yl\ d' jr &\ Uij . *}y\ii jJjJ l r £l-P yd 1 
. iii—li £* l^p j ^J 1 ^*ip dS' £* ^ J 9 
e jill eUP 0* ye i^U-1 lli'ij j Ifj' jJL) 0* v_j£ ^11 Selil Xkijl 0) 

jl^aJ ^Jp kii'jj - 4l^)1 iljjjlj .iby_j L*jJ ii'*- »y 
♦ jl-J/^l ^p ^yX&%2> U 0yj!l >0—>■ 4.—%J»«/4^' i) 1 -** £* pl» 

V' r* ** '*] 3 • o^ h *'^ 

j l +Jmij y O OU>*JL!l e-ip <j**i <jli w^l.'**itJl 

aL^sO^I a jili 4-»««iJl ijl—i ^ } tju 

t« y*H ijp^j i)l>- ^ wUU^ (jjU?l p0t>~)l j ppUp^i 1 # lip 

J 4 l^p* J.* ^.1; 4 e-l4ftl) ^ aj jll tiJIL'P 0) - O Z«Oil 

ly-a*. wJa^ Ji j ^Jp L* a>- y jj O^f ^ 4 ^ 

. 4)12)1 a)1>- ^ V «JLp l»l 01 

jl«—aj Pyiai 4 ) 12)1 ii^lai Jy- MlJ-- OJH^P 0| 

^jPj Jai# 4 JLWI l^wilp- Jui) 44npl>* e^ ^p jl«j 

5^)1 a Up Cj>\^ ^>U>a^ . JUe^f 

^1 oJUj -Lujj ^ 4'pli iS iS y ap>y ^ i^j_j ■ 1^,.> v c 


\ 1 v 




density 


a~£ U ^ OUw^Jt y> U Aj jUll 

^) j' tiJUj ^ *• i jS^Jl eOA Oj wAlsjJl 1«U 

1—s>^ 4-jyi 4iu» *iiil> 4-JjjJl 3l£fl j tile" 4(Ct< 5 

Ju jr ujm *i/ s *i jc~s ^o!i cjjli o' i* 

j»r '*f* ► lil J* 6i . J*A» ^ -U>; U"1 j 4oJa 

t ®Uj ij jjJI <£y& C-i^l iii!i lij t l^*>*>- 

^>1 ^aJl ^yaifldl jj . ^-ujl ap'-» £j J^U- 

M Jj\f jr fH oj . JJ &I jlj^JIli W* *Ji j'ijj jj-c :) 1 

• ZJ^ ^ ^ ^ J~M 



t ^gilsT JJ <1*UH wiUi.' 1 •/* ^ J* SIlSsH ^ Jjj-i J_^ii; : ,>*Vl j£±J* 
J»ai^j ifU- AS* J g .?l*C l £» U »*l ‘* > j I -U* olj l J 

TliL* 

a 1 Lilit wtli j* J *. «- . » o LjaI 

t j 

jjl^J Lv V liUJi ^ j 5*W yai. SiLj jj : jClfl 

ibf J» t j t <jj\ _. ihSJl Jj 5 i L*J_fr <J»i.'.l JjM Uu 

. J>- iil> Oju i-LJI j.:J # JSLUI Je «»U5\fl Jt» J #j 
jt J >tf 4 jV vV 1 ^ ul jL,; VI 5 LSi JJ ^ 

•J/- > J* •&* J 

t (A 



aJU/JI . i*l«H A^aJl Sa» i u y. ^ jl j j ^a* ' -J 
A/J^jJl a/'j^JI oN viJ'ij A-lJl J A**( a>- 1$—A* 

i-Ull <L~a.il j’ /a: ; jl L/ jl . i*U3l 4 ;r -JI a^- 
; Lol^Jl L-*-'jl ,*• a* 3^.-1* AaijjJl V*'^' </r " J, ' <; £■*' 

. L /Jl J j*£ jjA aJ J.** *S~j}> illb^ Le>1>Jl 4 ;r -Jt jM' 
U<tf a,!jJj»-J* L/>JI ^_5 j- as j~> •.* >—;Ui laA 

. ii Vcf S)}\ yui] . ?: aJ'-aJ' a-jtf ja L^-aM' y jJi Jpj /' 

'i*yJail jjia'vil w'—» a>*'.j ^i.^'^t L' / j_/< (J^ J 

j;'*'*- L ~ J j*j i 77 ZL ^ & 

. U(* Tjja /~i J'/'iil /£ a/«Ji j 

-^V i/* ^ a a/ o’ ; ^5* l+-i j/J /' £//i jl 

a»/‘JI Ua;p *,ja:j y SaLi o'L» a^l L/Jl 'aXf 

V.>J! oU^Jl jl Jj ^ 11 /i \S } . Jdt J*, ,Lf^ 

Ijjk y^ i A*S ijl *4_jl J 1«A^ Li/ w U~£ A j*^)l AS j* y 

aJJ^"' Ajl Jdj^ll ^^^»1 J l! 1 jA J j«J^- jl W'^ 

. A*l*jl L«~Jl J 

. £/l J /Jl I a* j\Xu yb a>- / ^ill J/' JlyJl j) 

o J ^ J /Jl iJLfc j/j < J>—-^JJ aI^ c ^ Ja'.iu J^-’ yj 

\ __j j»u > -ftj ^-.LJI jl \j IaJ iSj^ »jL ^j . 

*lll a/ aJI>- ya'ill jM '*S » Aj'a^laJl yj /l Cs*^ r'^ 1 
ya2il j <a' ai l«a*^ 1 a ' j- «iyj 'a.-1* t j) all iih-Ji 

aJV IjTAti'^ Vj'o^J liiJ^ y.) U j . uuJ jiaiL* 



aJU'A j\*A 31 r -»- ^ Jrfj O' To;' 

i J Ivik 0> <£j* t* 

(■xO & ■ ^ >‘ a J'ijJ' -ijj» 

LjjJ jjlai '*-*'>• tjyAt j 4 > loli si j> £U~y VJI* Tjj# 

o'y.*'£ ^ (j-* i*- 5 ’* a 'y ’■*jj 

. jo>- J&y -ijji ^j 3 *' *Ji* •' *jj'y e,) jy 

ijjjjt e«iA Ji; • J^Jl 2 ji j I j'oi, o’ ^.V) vj 

ii ) eili^ dJ^I—i~» j . » ( ^d#Lj (_J 

■ ^jt Ja ll ^yi. /al l i>-jJ J T aj b 


IoIp o| V iJU- 1 oJift j 3.sl].l „_>oJl j^-SJl y> l* v o’V t 

iieli sJ 3 ^ <sy «y >ii ilibfc ji jf Iti jl 

flji Aj *j t ^il n . L' ^.1 j ^yiJl 

y» &JM* £ly\ y* «ill> b' . S^lll y* a j .OiP jlo^-b 

OL—W'i ^5 *-J ^ O<L-'jjI w» 1 ».~<k)I 

^Jjj . *-l>- a &S" b>li V S" -C>*Jjb 

— Baryons — y* j-^V' jOill tiJUXC rjl OL,._‘*JI 

Jlx^i Jb* ‘.Ja* V JU-i Litfi . SU&\ ou-.iji y 

OjU^j jLJI y* <£■ y+-£- l>Jl>-t lj| , OjI^J^J- Oj^iJl ^*J^‘ 

^Ub^j “V; y>*jL* J^$v Oi I aOA oU a^ll 1 ^«<a<*J *ti Jr' j. 

i; y*J~m L«Op- VU Oby^j^Jl y» <5pj.<k»il1 *^A 0->l^ 

. OLi j jS^JV' LJU- waf 3-bU: cjL» y* * 

^a» U5^»J . ^L> Jr* Ji M ^ J*r 

. i*u jj- oU j o ^ illiiii \S y iJb- 



Uij LpU ap^. sf y iij liSUj 

JluTj . iilWl y> <&£ ill»- £ jjc~t s-^- iijiJb jyiJl 

^ j jfj ij 3 ^\ Ji-*1 ^5 >£-J Uxp ^41 . *-> y-all 5 ^ *iJJj Jp 

. a y^-! ^Jint lf-V AIaIS" Allla J Alf L* A~$"y- A»Ua jit 

w<L->- jP Jij jjljdl aJU- .jP-C Ajy^Vl iiUail Oli aJU-! aJlA jj 
« oU^jjjUl Iw-j j?"** - 3 -^p tiJJL? ojlyll ilu- 

it 0 J.A JU U y jl) • y» AdJ AP_^*^ U y?£’\ A^l>- 

j J y . -kj-U-l y* OljJ jf iP y* oJlij 9 -^y jj^y li 

y3~\ ^_~w- j| . Alyt* AjjjAb A$w« (_$ Aj y ( 6^ ®j-Xi <_£ jJ 

jl yil a jjP Lc'jj -U-U-l jJp ojlydl aJU- 

yj l*-i Aj } yJI yll yb (_ObyjUl <_-J y Xs- ™xj 

AjJU^^it ^5y*^ iiaL-y y*ij 01 *; A^-tJl ij| ouyjLH 

il. -.•»- *' ^ * Xo^ OUc-ui» y* *Li l* JL>-b jl * jJU ^Jai —j j 
»jjj ju^>- y. Ai!y« yLi-* ill*- j| . Ijl>- lk_w y *iJJi 

J>. U ^ki ^Ju^ai a £ j£i Jp O^h -UU-I (I). 0 ^ yAJl 

^y» j£\t jS"^ OIpJ btb * j+~~i L*JLP . JL*I Am«> 

OUjUl aJjb iLj 1 «JLa* . Adll>«.* ^ju A>*t*l jjJCP Oliy jUl 

i* js^li jkuii ^ ou itr j, ^r» ib" 

C»U yj ^ <k - M ^ ® Tf"^ lJ> 1 j ;>1 ---' 

a>*^^ 1 Ak$Ji OU^jLjI -ij ^_a - u?\ \il . OUjyJl aI^L* 

I flw^il l y>«>xii jL^-i kiiibb j 

OUy^jJl ^ jl^Mb Objy$J\l J* «bjU jtiaaC-- dilijJ Ak^’Sj 
. ^ydidS AJ J$*» Ob jyji ^ ii ^'^ 


\ 0 \ 



iJL^a j . (Jj *1 '— t j*i '-*y Jbeil 1 -La 

jl . JfcJbj oibJI \Sj jlJ- aU-I *1»UL-1' OLai-i 

jLyVl Jb»L—L«-U p ^Ja>a£U» tZj\jj 

• 

^-4J^ J b«-Up IJLA Ojl y Ala.; iULfc 0^£"j _jJU 

,*.»ijJb »_jJl *-*/“. '■■* Jj& w-£ ^bjJ,} obyj^1 

0j& L-xp Jj^fl jL^I £ . dil-LT /}\ i ^J>di 

<*>*^1 SiliS* j_j^j Ujlpj ON' . ^^-*-£0 Akf ^ t T 1 ibjb—* aL^)I 
• ,V i La-up jL^VI ^!l l>- jL\ iL^Jl jt Jj£ To»- aJIp 

J\xj^\ jLf-’VI Ob >l^l ^kuJ UaJj . ^--Ul ifcT jr- 
OLOjjJl ^laJ , \Oa^ aJLp a*US" j jl jj -Up (Jai jl—- 

<Jb£jl jbw L««Up ^lill Ob *iilj { y» V-b 4JL«A4sil 

aJI,.*. J xil ■^ a ^* ilL^l a-i* . ^-*^1 • ,V 

_5 j,u\r ^ ij>- <j ^ w-.^a ol >j ■ jjj 

O' y*ulj <■ —» ^j jt (Jlyb\ a Jjb . <j j jl}\ iS ^4 1 1 j 

J j «j ^^a!l ^>w L*JUP - aj^p 4j-J* ^ 0 *^ 5 * 

. ijiUJi 

w-.b K »— ^yjt^Il ^bl2-*Vl >—~jf La-*J ^ 

0^ J-»c—• IJLa 0] ; tAS" . V Tjb^ <JLp 4#U^ Oij 5^Ul 

O^X V <JbO SiLiSLil OjJ> ■ -|j IJla Jju jf* 

Hjo * ^ll ^MjJu L*JUP j i i(Ull * .'jl i^JiJb 4j bcu-'^’u V] pj 01 

JX ^ |~‘ a^lil ia^ Ob JX 4<U)I A. M >»‘Jl J 0-ilU J>4li( 

ob^b » J>~\ *■ L«->.'b> \o^j»j <Ju£!l 0i *-0b^aj O' '—^ jLO** 



J\p ja*-wil « lj>- iuJ'S sjU Jj *Jc£3l ^ <Ll^» 

£*>- . <u^Jl ilo jl __ ~.j jl> Ju>-- *jli "Lb* 

^jU!' jkl' J JJsli-k^U Jjli!' Jj‘LJ' Jli 

■^‘L- J jJb U-Up U* iJOi J ._ ~J'\j k-J' li jaj j J *JL* fi* 

UjI JJLJl IJLa i?i»a V <Jb Uli w ^li 

j' *^'Lp i ' i J* »y JI1-JI U* Jp Lii? 'ili tj£* j 

*jl>«i--'VI ejjt j _^.j j' »_ p-_« «Li.a Ui jjj iLliLl ^kX-J 

^p O'jLiV' .i-U.«k‘>'J pU- 1 ^ p—>Jl Lw -'p» . aj j y 

»■4P ^ C-ilj -J J o is-y jl . \jj> w!' 

jjl>w jl 0ji~\ *A V A)' 4-alj*) 1 |J ^Li Ikj l~£lj 

, ip^— y «aa 



\ «r 





yj <0 ytA V J;'y)' £yj' j' jJU 

'if iU>Jj vV !t ^U-l ^ U . JbJI ^u^Ji Jl jJI ,U JW* j- 

sjUj j< j> jSLii ja j* . <: yy-i si* jl. i«u jir 

V L* j£-io 'y>-' ^ yr Jr* ,^$**—* 


oiLodt ijlU «.Ui <uij V La *JI ^JLj ^JL't a Li) I j| 

ja JT JJL.-15L' LIa J j>o JXjISL* j 

j Sill' U 3JLjaJ jjjjjjj-Jlj jjy£j'}/ 1 

a 3 L>- Jl W . ii'iaSl j;' y JjUf- <j £' iil^J r Jjil IJU ^ 

iiLU* 0] . La* l*w ^ 1 - sjlll JIT, j-U ^ji J L r V' 

'Jla *JLi liUxi . -Uaa y' yd i*U)' Uij ill—I' ei* 

3 J> «J*Uall ajIj- J 3jL' a-<3 jpL* jH^jl 

iaJ JUj a^U! *J] jliil £^1 JaJt)' y* Ja# Ob 
3 j ^ialJ ^ JyiJ IjL <r J j J*il b au»'y0' \Jt j a 

7 - jiS» JLai . jJ-' IJIa jj * Wa.^'.L I a^lil iJ I. . J y>- 4^U)I AmmJJ' 

CJl^ lil JU' — William Me cr<?a — \J> iiU 

. \« ««-.>» U jJ»-\ Ljl . Uj j*aS • J )> yai ) J '4dc5”’ # U^jJ 

. Jp aljwijj ilj-* ^11^ ; iJ 4lkS~ . J,] <J>LiJ 

iiLkll jlJuL* iJliil j ijj" j_J' 3j Jjjl J,' LLl-I w ► Jl ,*Jai—i 

iiUail ^ 5 * 0*1^51 iiHaJl a-L a jl . .i^j' 1> J >- ^Jl 4la\^|l 

iiHJ' s^^Jl J,1 iiLail JaJy jl y^i} 1 *-JfJil *j£jl 

ii^JI jloia jt Tj| £jCJ . tiU l^Jl jlill L » J» 

jljy • <j^* ^iV vJi IP y* 5 <yi iiLai' 

Jji» ^>1 ylaiJl eJuAJ J^tftj U-Upj 3^Jl yai lJo^a) OLajLi jJLaii '-La 



U SiUi a»U* 1! jljLiill jb ^>t >21 

j, b> LU jJL, i i_*^\l Jtf- SjU a»I J»Li; V (. 3 jU 

>21 wJ-uai J ^>LO j^ p—>■ ^ jjfi. jJLO Ajb wl-i-l 1JA J'^>- 
j^ O'Ja-' OJf- aJjL* Aj jjj £ 

. ^Uii j£jlj ajo* ik5ji iiii > iiiU' 

A*UJ1 A_oJl jl f -O l«JO iv> Ob ' JA 

a-Uh \* * y>- l^^ij Li iLli y ib>'\ j£- iJLai-w* A;>j O—J 
. dJLil^L. y* j »b >!l ^ L^« j>-l It . £JJU jt j *b 
jt . _li>j Li" i * Ob^jLj Jjba^-I 3-Atf-Li iJUlSLlI Ua ,j j 
5iU,t j} . ob A^S A-£jl£_* iJUjt- <b' J Oli^jjUi iJuJ' 

ObjjjU' UjUJI aj ^>wJ' ^ ajL^ *>U' ^ o y^>-l 

j^ |«Jbu { j*~ j ^Lil c ^-' <Jp OjIp o jJx*^ l *jo j 4-*»U-1 

^j N <3^1 sJa ^j j~0 o\.«—..-•w /jt- t^Lp 

1»U OJLjt be tbU fl Ob jj ; UI J-O jl; Of 

VT K^i j\Jaj M AA-ii-l Jj . ^JLJlSsJl aJU-1 

. L*- aL. li < >j ^Lu 1 JO-^j j 

Ob Al O-J Jjfll j ObjijU i-o jlT iij t jS’l j 
VOb'jj jUl i-O bjj o aJI^-1 J^Oj" oy ~j 
I>U ^Ji 7 j<* Jb V jlT bl J , Am«Iu ^bU A/ Jhj 
i-J* J\ aJLJI Ai\i£ll j/‘db ^ J^iiT ou 

tJjb jb jJJ 2 £yt ' J , -<3 aril oJbJLw* J 

jr - Vx# aJ j£j1 ^iUJl ^Jp y-iLt j u j>- ^jA_u jjjJaJ 



o jljJ j j-Ui «jLxi * j*—j' jlyc I 

^ iliUilj- rji *ljJ' J! 

. l ', S • ou-u^-i j>i iiu>- 

jc- J»L-^Jj . *}?r) 5 jj& •. LiU- iiiLU ?Jjt f-oJ 

. y jl£jl ^-iLfJl j' LfllaUy J.-»y j' j£j: yJl i*u*!l 

jJ ya' yVl *_s.ab J wl'U* i . i!*L? ^j>-\ 'yklje j' 
kJ>yn L* yk al y >jl ,j£* l* w'l yl*4 wl£"j ^UiJl <j)j 

. £_jll Ua Jt* ^5 4»- y»- ilaii yJl)' '-ba . y jyjl 

Ttia— jlT 'jjj Jaii JL«! 41—I b jLw» ^lai _ ^aj <J j' _Ul*j ^y- 

*^a ! l jV ' j-W *~y» 4;li ,’xk-i oj'y- '-^“ 1 ‘. {*y^ '"La 

Jijjli J J . UU# ^ r —til J- ^j'V* ^-b] bjU* 

Ly j& ; U J-J jd« iJbLl J Iua Ji* ijj J* 

4j »j jy jLJ^/1 > -uiyi- 1 j J , iij yl' »y*Jl!l *-> . U-* 

^Ji* *ij Ijl 4 I i—Jb iybj i,® y j>« jVt ya- IJL^S” ^jt- 

■ «>y j* ^ U'^’ l-b* 

^ILiil ^JLp y J* a JuJy- a *yiJI ^5 *zJms£ juJ 

\^ * *\p J >-3ydl X* Jbai . J J ^ ^JJl ^yil 

ay^il J jyuyli'l jJUall ^1 3 C48 yuall Jp 

s_—»- 4^ j.-* iijli^ wUj J 4a*U- *j y}\ J>\ jjUa^U wJU)l 

ajy-lll «L*^»U jfi’ y yih y%> m l l )yP ^ \£ 

Aj-i p~~*r ) '--r'' ( Mount Palomar ) ^b*jJb ) Jy- -X^»y \* 



jlS" . L«U ** *1' >“^ J J 

q_ . ^JT w r > J- w •* * \ 

l> J j a *-£"^ 'i . 'JL» ^>»Jl; a-JJ' p—^J' J-* >^1*a'' 

ill'll AA^P U* i-C-U-l' Sill' \A J-t J> jjji: ti»l< p -JjJ' '-1 a jlTj 

j.* ;li >^*\V pU J j _ /? — cl-" ^U- si'>- U» _Ja>» 

>-T jpU ^ U—>■ jjb jlT ^a!» v M arten Schmidt 
i>^iJ* ii-ii-' J ^A ^Ja-k il J siU-’ -Ip j 1 3C273 jA 
s-Ia j] . filial) yj^j* J,~ J, J.lp ,,—>- ^.iaj 

iijJ-l ,Jj wiJaJJ fr' s~ -■>- w -i i>*' ^ w 


p—>Jl Jjll:■>..—« 5 y^Ual Lii ^ _i' Ua 


*■ yJl\\ 4P iSlL'j \ i U *>-' j AP 


# 


W-— ^ ^ J . p>S-!’ '-iV' J-*- - quasars - ^’j'j'j^ 1 
i. | J l;l J SJl ul jUj , f>! Ji . ^ j» \.../\ 

auj U;i* m-IjSJj ik. a*J' lAj^i f—r l j* — qua sars— 

f ji\ ^ j-Ji J? 3c273 iUSy jUV* J] 3C48 
5»jy»l' - quasars - olj'j'jfi 1 





ap ^ Ji 9 -La JiC i: aJ\£*U ; 4»w!l oJLa Jaj£ 

y- *-U 9 y&li? JJl*.' ijlSU’V'U j'-S"” U _) aj' -Lo*j »I , <JL»J' 

J~UiU s y* i-J y> a'jJJI ^ JI C*> „ yT ^LU: 

j -*.j yJl iiijia)! Jj Jy L*-j *■*_y* -J* • a-Jj*^' JbwJ 

iilkd aj%J Lii_j f ili5>J' j~J£ j l* i>l&' iilkll 

Jj L*J jJ:j yd I Ua ji L~J yil lili . T w y i =■- Ji id£jlj 
Jli Aa-1>j' L^i* Uu yJl OU—>Jl y» j . OU y y^ 

. -u_ui JUj Jia- j y y JL*^ «* 

o J ^jii' y; l* Jaiat jl l^-*^ 9 yl>JL' y *■ Jp iiiUl 9 -La 
iiLLJl Jil£j Jy A-.—Ji AjJaJl Jj ii-l^J* iiUaJ) Ap j»Jl 
*ljN* z^.* tw JJ **aa Jp7 Lf*t ij-i>- j £I J^Jj j LiUj . <li^]lj 
jiJ . y^dJl iyuJ 1 <LL£* ^jLj ^JJI ( ,—yJI j*) jyjiH Jp 
Ujlp j , -I^LpI yp*^l 9 -La p~+~*r ( Jp i-*LJ* a™-J l J. JaJ 

A-lai —j yJ y^aJl l>jL-j »yi —a aJ^ li C~ \j y yll JI * JI' y> yb 
y"Vi jL Ldt . iiliiJil ilL&i Jy»- j \+£y yy 

jl <p oJj Ji>- t/* JIa-J* Jii-I ' _' . **"! y* y->-N' 

0-L*-i rliaiJ 3C273 I A^sUJ' iiU-l Jj . yi' 5-i-i t>i JJt>- 
A_aJail JayaiJl 9JA Ji* ; Jp J yai-' JpO—1' J' j' 

■ j-UJN' \JLa Jp JyoJ.1 iLiaTj . ^lt IJU l^Uu . iiU-' 
iii^*Vi>j iajUJi jiU<aJL' y yji jj\j oj-ij y 

-Jesse Grecnstein and MatheW- _jJL*j wi 

Jb ^—la>JJ 7 %,—->»^> JJL*u ^.' j* k >-:^ 1 r'^ 

a— py J*'y. iWi j' L—iiiS't vl~> 3C48 jXaJI iyJa!' 


1 9 A 



HB Hy 



J» jMi Jl jJ*L\ J u^r £ «jUU< 

^ J»l>^l 3C273 * ^UJI > c li> HI <4 jjl' 

v>— i- • • J]\,» • -U^Ji i*'—• Ji ilUbnJ 

3C273 jJUail 1 —*\ . J* /•T' * £r'y 

WiB ,>* X' j *jij-“' j* r*j" <> r** 1 J ”' r 1 * 

t,u=j . ?■ y£* j£b c v> : l» ^ • v-t. J«t 

AjLlt ^ 1^'; . ( JlL* JxOi J ij j£” ji>l ) ii\—fciJ 

iOju oliL~* i*il_> ’!A*i J^J't ojjk cJIS" lil f a*L~* 

4>\i» J$w> J^ - ‘ W"*^ ® oUal^ 

jl - Hoyle — S f„) ^^ 

iiU» ii )j»* V"' J - 

r.r- A J* <i*fc -a« CJ 'y - J£4' 

Uiifii jHjj ^**A r i y- ^.> l r —r '^ no 
iiU-ll Jl Jj ij . wa^il Jl ia^ JT jlly j'^i» J 
■»—-1 tXjfi OWL y\ iJUiC ^>\ ^oi . 


red 




0 ^^' J.J j\ J' wA^J f^J 1 i*^|M 

J^ 1 oliy j Lfi. £-*■ oliy j UUl -ti' jjj O r - ^*!i y 
A-lc- ^*-0- iUllA j 1 i jj ! ^10 *ltf> -li ^ 

*-i y' jjc- SJ^Z-AiJ ) (, Quasars it £ ^ 

yj, jj_2 I j j'J.^sl O'j s-L a u ^a*J * ( 

^jUall j' i.>>Ull i ^>-V' O'j'.-Ji J, ja y Ji) . jU^tl 

Jl f jiaJl >_i*j y . i>-jJ -.jj ® IjLiait iiliC 

. jiLalb Ja^H jU>l jliJl 'jai- lil** i-dJaJl is y»Jl 

jj ^.la:.-’ j j-O*!' lj-U* j£ l j JS jUJl I-La 
)\ oil Ol jlp Cj ^f*\e- wS” J* JL- iji* y.iJt IJLa 

• J f oijii 


m 

¥ 

*• • 


\ 


z*js»\ 1*0-^ - quasars - ^ TencII Ji^J ^/» 

oiib y if o i^»it w_* i^iyt j* cJ— j ** j-» vijt £j> j* 

j i wljLO»' ul IC3481 «-**»! :^1 >1 

£_ y—> *0 *js^ J-* 4 -* jfl./■ J 

Vis" ^ JU^I ^1 ^ >• V L/U 




Us JU'Jl Ob Jy Jtjk yi\ Japl UiJ 

t i*U)1 i-—Jl ^ ^ Jki\ J*jJ Ly tota jjlwalt iilb ^p V 
^tJ! ^ j* Quasars O>1 jl jj&l) 5 _yil C-Uj* - Oij 

jJI tiJilia jJVi ^ ^ SLJb O^p t 

j£ ^bji^U ^j—N J* : l>-^aj O' 

>* sp^ji si* jy iuir oir iii t Tjb ? 

£jJ*' l*$" i If—* O' jt ^ ii^li iiLw* bf 0 ^y 

** iH Sj j*1 ^ jS”ylI i" ^ OytJ ^L*>-t _ j Terrell — 

OtjliVl j\JjL» j^S jt •^.oJ! jljli* jJC <JLw» 0| . Tjl»- i j..? 

4 t*P-Aj ^ S-ifS"" t*L*»>-l Oj . ^JLw* t 4 j^o' J)\ 

jt V L 4*j* yJl ^-1—Jl oil* £jla— Ifpy*— }jL£ yJ'j 

ijj*& l|OljsJl ^U-J'Vt j-i* jJcj -—'^~ S j**-■£> 0 j^J 
Ol£f ^ Oli j, j>-\ 3jL«i ; j f-i' O' S yi jS-) 

— Quasar — O'S’’ '^1 L* J y- Oil* 17 a y aij& 

i* j?' <>Uw* ^p j*5j ^1 Ii |) i kj S iil»* ^p 
' ip O } Oj^-'' 0 i^-’ 4J^ Jp iUl**.J ^•^■^ 1 ' y& ^-l. ^)V' 

<y.j? J jjw jl Uli jjiLo*-' ^Ui . j^.>^b j* j»V' 
iJJl * d)tj J.i j' *t iJU Sitf O Ip dJJUp jt) - Terell - 
4l *C . * * L*' . Cj* ^ y 

Sf <■ y£ Olp-bjiV' if?, j* -u V -otj Jj_y 

jli . ^^>-^1' uUl i—ib Jli-1 y* U y£. *S~j* 

. Ji»«.J ^1 ul>-t y V' sip 


i >-f jyuiiv^ 




^J\ j£±JI |»iJ! j - quasars - cAj\j\j&\ ^ i j^-ULII 

• _f?L\ OU p. ir -- J»- Jf C-w^; j!j Jl dk <y iujt 
( JCUI jL > ,y >UJ i^jL\ ) NGC520 

,>> U* ^ L- 5*-JI j£c“ <1 lilj 

• jiJ.1 Jb* j ^y f »-i* jlis»^ «-—- jl 

i! util' Olil ^r*; jrt j| 

-Grensttinj Schm’dt— ^UJ j] . *^1# 

jl i—!Ui!l p J—4_>t> «l y+i I 

^ytj i? iJAjUI Ja»- jl) y? _pi\ JL,» £-l> j*V1 

. 6 j~£ 4—LS" »vJ jU" J * iiJj iJy 

^A*IV ^Ip I^i?l Aii ( hoyle and Flower ) jfij Jkj* 

^jLWJ JtaiJi ^Laj t£*^ jlil* jl£" 1^1 <j5a 51 o-ia ^Jp s JUil) 

<iiad* (^ JC L p j 4 ] j.L'.'. a jjz- j jS””y* ^ TjS”y* 

^ w^lUt j*}U 4L*l£" iJUJ oil? Ob 


1 IT 







tcU jT dili Jp Vj £~j jt 

; i^l^t *>*jr - ^J> ^ j^o 


U-iJ-l J., VJ? (“J* 0* »A* 
^ j*^' j* cJijW c^- 


c *d>vi Jri L s*ji j£aii ^ 
i*L.,)l> tfj »UiH JUJij > 

- quasars - ol j\ j\j&\ j. OjWj 
JjU «*J JUI J^Jl .ilOT tfjej 

b>l jmiV^ ■ _ * i-,■.; ji _ CbJJI 

J b ii) , ^-i-- T J (f jL—U 

r L*^l .a. ^ ^J. Jldl J£il1 

. ^ 


jdU *>aa CjIS - If jj 

£*i» 37 S y£ jVl J> tiJ |1 

oSljJt 



•jUJl Ji o jj> dltfl J.,b; ^!l otlMAU j. auJI jj 
oLiib* J ( HARP ) <_j U bU j J* JlUS*J »Ju j 

J* £—iJ V — quasars — Ol jt jl « 

Ob> jp Ju) . ft^>tll ij l^wkJ»- JIp-\ jS Jj sj^ iiL-* 

J« jt w-»> . ij^j ip£> ftJu Ol*LicU*l JaJ y 

i.»l cU*i kXil . i*-»Ld iiL-*» Jp V fJLJI ala d)T ^*11 
yfUa^V' J-Ij^II iub* *ifu* w*) j*jit j* »j» t —1 jT If. ^1 

J»^»»JL« j£d; i*Ul-rVl Ifci J^eu ^J1 itft^fl bilba J At r li <£4tl 

— quasars - jl j* i<o jj L*af oUt-aVlS"" 

*TAp dilb* jt iJLd) ftJL* ^-y . NGC 250 i^Wl ^J- 

OU-Ujil U 5j*U rM g£ r Ur^l jj U 

} IT 



l i jk)l Ob_ywaJl Ja J\> t aJ> b il!i } y^i\ iiki** 
t>* T*? J —» « quasars i Ol jl }\ ^S3l jl ^aj hcl* 5 

^ Oi Ja*Jl ^ jji . ^ajl jTl ja 

i ja Xp LIS' v_ji jr* j£- cJoJall ^b y\ Ob 

aii ^tL^P-Vl 01* ja\ JA Jsj Uf*j . La* 

jl j£+. ^bjiVl ol u*** -biiuj ila>-^lt 

Ob* oils' li| 1.1 ( t iO11 uji O* ii JSVl Jpj ) IJ il Jbtl 

0i» ( Ai)l>mil pjil Oi ) ol^b J)Vl cSj^ V 

jiM-ti; l* Lie aL^v—* iiiliJl 5Jli-l a» jlii oi ®jj^OiJL 
U>_J ft j« ^tTl Oljj-JLl *_*y ^3 tiij ^ ^bjiV' 

^ APj-JI J J : *A ^Uaijl OLp jlT lj] il'ij l^r ^J [jfi 

Osl U J auIp ^-p aJjU- ^ Jb ^li Cj \^*JLl Ly. j+~ 

. r UKVl bii 


I II ill miii mail i '„ 


Ly a im C IS obt C Iff obi 
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Lyaem Lya ob« 


. J* ‘/.A* UjlAu •*/&. T > b.O ^ 

J f O'.» «>■ £.> O sf-^ 1 - l = ul JK 

/ •»*>-* *>*■" 

L^cJI ^txl VUU O' ,J * *1 . M* **J^ & 
tf>* fW > 

\it 




j£* Y l^'uJ &X<i~ »_.»'-p O] 

j$o u*«j o'^i i]iJ-i ijy*i y y ^-ydi y wu #j'-if'i 
J <‘l j*j OlJi»Otl.' o4> Jj>- l*UjU*« ydl jiaill 

■ ** •*' *j* j/ J*» ; ' j?£& y y u 

^Jb sL>Ji£ jl j& V l4>- * J: S iiUall a 4 a jj 
*y \j?f' f jJi ^*0 a 4 a . U4*-j iaj'jJ-l 

a*.i^.f Xi j J „ivJ j . <j jjil^11 OV^ll j *-1 

j. ur j*^*>- j W » J;? r Z £ *y\ o' 

y »jy+S ^»!) jl ^} l j$""i U^j ii’i J’.-*- y*!' 

jS J Jj'i Ij- ^Xt jdl aJ'VI JOii V a a* jlaJl Ztf-J j£j j . ijLSJ yt 

y »^>‘-' j-j U-» y aJVI a-L* 4 j4s-cJ o*xo* *ljT C->-jai 

a*i^ J* <J J i (^0 4 '-^'^ (JJ C-*1^S' 

jf;j y*i' J* jj . S'.Vn j.* w. I* 4*U aSL.* j^f j l . - >* " . »jfl ^ijVI 

'°jj^ij if' jrf j? y* W *j?f *kf >yj * u >> 

Sj> ^ O'ili&l jl . j'jl J& uA^'kl* J aL^!I s4a jTy 4-jys? 

it^-l Jj jl jl j^fl j Olili^ll j* ^4—If fj* £ ail* 

Oj*^ ^ a j jt j *^^7 l5*^^ 0^1 '4^1 y y*& 

\'Z2>jK* u. r; cl j** ^ j JjU- iili^l 1 ! Jji jiy L»4w lil^lt 

£.‘'i jf*i) i O^; 1 - 4 \ * 7 * * * yj t)£-_jJ J4*i 

J^^il ijlill ill^l X^JeCS ul . 4 j yii Xi£ 

» J1: f ^S" — quasars — Ol J jl j.l'xc ^Jf jtLil jL 

j* 'j'-**' *-/ai ;,> ij jUl* isy y 

l^j;^ jL^-^/l j U—^ tjy” a-y.1 j jl ^y'4i(' aiU- 

. l+4 r -' , ^«' l 4^a'i jjbJ jJU? 4 JXp (JyA jl^-T J 

\ i • 



JlT lr f-quasars - j * ^Isil «JT J k y V 

oU jj& VI j» TjLJ *r* yi l*JV-H jX-w t—i jTwJlLu 

t»Uil LfVI *i* Ji» Jj „ gi jjJj ^ 

Vi > < Ui^ i>J*H j£’j I hyyJ j 

u *MJ> Ipit . 

**ic- j~S jJ>* » Sji *j' 4 OlJ* *AaJ 

j* ^ J>j ^ wt» jTuii g* j*j . P *fa*v 

w*l 01 Jj>U!oj 
. ^Jl lu> «.^11 ^.J lilj . tpUl ^-liJl jf I j* jA SJ S 

jt 4 >A yi ^b;^lj yUill JUJJI jiaJL ^ 5%H 

. — Lem ait re — ^ — > y j *>Ui j ^sz* j 0 j £H 

ni 



i*5L O j^>-4 'j* t y^» iJp «i.WU> (jO j 

Lct^ ; 11* ^ '^* J - J '-*’^ _^l^>Jl ol (,£' t 

j£ Mj j>V' u**i ^] • j*r Cf 

d)U 5 <^< j-aK (^>*"—’ y 1 *y y p- 5 ^' »-^<sJ 5 

y^ C^ 1 v^ ^ jV*^ ^ 

tlolJ-.->- iSliit O.J^iai 5 j*£ _jj Ti| 

KyL\ iJUfe’1 Jyi-i i* ; j ^.; ^Ji >':li J t*!b du* jl*iW 

. Ul* Ijy 



jttfjJb ^J_j i_^j l »J* *JI-C»I «£_>'■» Sjf *JT J jjJllJI J_^£jl *ijti (-.■*y** 

iJu ^ (J f'T— J] *— 1 ^j^* l e> * • • j^-iJ 

li£* _> JJU »_,» ijU *J! 0 ^ 
j^’.' r '*J y-T Ijy Uj^sf *SU:> OLjuil S y> Ojij jlSJ 

^.'ii' ^yaiw j A^taJl 4.HJ-1 aj^Aij *dL<* jJ* Ji 0 jl_j? £W»I •—■^t 

<1U-I ( j**y*{ IjP J*iJ 0'Ja>-Mil 

y>»j I aj p«'.U 5ji y j ^^£L* *1J1 *ia jU *bli)' 


til Sy J £^.£1 0) . I J *.V' f 

3^1 j^ 1 4^-j^ £j**iy til yi’Jlj ^Ull Uil o£jU *£J>S "j 
— Dicke — *»■ J y&*\* jJ* 1* J* ^ V* 

. «-ui««_y tii (^*yi 

ilcL-nj Aj-i>- ^ajvt'J isli^jl *UjIa ojlil dJA . jjA.il 'j* 
^5" ^ jAll ol* b£i U5j Ij^aj 3 

. I y*-J* 0 j£ jW 41p (JaJL ^ l* j*j i yjl-fcjVi jbjubVl 'j* tJaJiwi' 

. jUS)f1 »a_a ^ OcS 1 ^!l S*>JI jp oVi ia»c:J 
t/*^ 0:^ J —* J^* ^ Ol:^j! JJiy j 

(JaJU Ol j* «— A.A. Penzais and R.W Wilson — 
5*-£->**3 J? O'i/j 1 ^ ( bell Telephon laboratory ) 

JOWl JA fj'j aj\ Ijm»I ^ V ftjloi* JjJ» o'i 3 j; . J 

j* SjLp 9 L»«i3x t «*i 

—>- jlAii* <jl lUs^j «A# j OLa jf'il t-A p X *^■>y 

^ytA-Oll j<j t (^W^ «i.l'i 0 5j o'jfVl 

gC ^«;lj ^Jji jl 1 *-Vj c»'A L -+*m j Uap 4 I T >- 

. t-A Pvdlt T jj+0 f j«A 9 d» »A C'j I 

JlJ^Jt bf j* <«£jAU>a/* jl Tiij O^^li'j *^J' ^S*/ '.>] 

la* iJimj ? tfjlj*- <^->> ^ aly; t/-J' ,<# : v 1; ’ 

. J y- j*iiLi ^ /'a; ji tJp ou T^i :; ; *r c '‘;.J‘ 

jUJI ^ ’\t'yjsy L^i o' c-X.5^ V*# J^V a# c ^r »? ^ Oj 


1 \K 



jS\ _^\Jl 3_jl *>• y 0-jl5" l*. 5 "j ^■*^>1 l»*Aj jJl^u 

&.> • V fjl ^ ,/^ J>' 

^£3! k*J a«^* *^ail ilW J g\m£*)l\ ^ 

,> *;>>' j* V /■** *>*« -i* jftj Vb Kr 

k—^Lll y jj . o jl ^1 ^4 j^ jJv a-aJ^ (J^ 5, Sj^'i 

J>-1 y ^yj ti'i* lijOl^ jj'JjJ.I < T i_.,flj?1l y *iUj ^ >»vJ jl 1 $p- 
^j *• p&~*j 4 J^'JN ij L« (Sji jl *j<*D j& 0--^ !l 

bi . >jJi\ ^uit jp y uu^ii ^wii *JU-i a JU 

( j^J »A#^4 5J»L-^ ^j'pJl ^ i - ^* 3jiJjOiMaJl L£*«- 
Ail *i^Uj J J r -A4 <Ja_i* ij kuil (£j'~j uJSiJl J!^ U Jeu j 
jjU »-Li>j jyj a‘-_r 4 Sxi j-Uo^- 

* * j' y^' *--~»- * aa'^pJl! jl y^/l aSU* jUp*j jl jS^: lj£* ^ 



way? lengthlcm) 

tjU. ^ »-af *»U yij^l jU»*»l UU> ^UJS ^L-5/l JlT 1*1 

I* Or 




il y** ij] aUll #*i* y J'ii jt J 

Ojlll aVx iXi ^ tiJ’ij 

5^_p J^t ,y ^-*»'-ll l<i* j* ji Uxp j ji ly!l aVjj djjlll ^Uj 
l 5j>*t 3jlj>- u'>jU) J»!jil ^LUi-l £^w fcj** Sjl^>- 

flP X* dA'i jJp — Wilhelm Wien — pi+Aj ^y >laJ j 
- Thermodynamie - *—OliiUll ^'--1^ \A \t 
ij JA ^ 3'JalI j^l ^c-, ^ <£)j . Uly -1 ^1 

-up ^Jjdl <ub^i» Ut . w»l>> Sjlj>- ijt ( J^t ^ 

^ Ja) . *(SJCLj jl Li j^'j (_f jf^ Sjl j>- OU-ji 

OLiib* 4-ii ( Wien ) ( Lord raylcigh ) ^1 j 1 j^ 

. S^sl»- l*£] j 3 j*A£ CJapt aUl #*ip > iSy^ 

*1 js^l—; ( Max Planck ) dii% { j £U \S\\ pip 

UpJI <*J&\ aU»I Jp Tjjl> jl£i ijs^l oSa Jp ijtj&m JiJjJ 

. SjlJ/ - 4*baJll Ol^P 4ilWl £^jjiJ 

jj^ll <jl LC ^ SXLJl ajl f- Oj-jJ U t y* SjLajj 

*—»1 Jijjl Oli ff 4i* t L* ^*ff 4 jP Iff Hat 1^1 pj-AP jAj 

</* Oj^l • jl >- i *-y (l)t y* JlJ-JI Li* Jx* ^^.Ul 

. Lk-t j jlkU ywaJl 

6 y^*jj ( George Gamow ) —*Ip gyjr j*J—* 

<a lx* ij\y- <»r>> ^ . *jJI Jyrj 

£ij . t«lP <Aijl -U-* iiJ’ij 4 J- 5 

j ^kdl j j£3' ^is* 2 ' 1 4 -—^*- t-L^I jkU . CJUpt oi kil'i ^j**-* 

\v* 



fjy V jjSJt j ^UiVi ^jy ot UU/'j ^ 

>M V ^.j jUic Vi p^jji jp jiLJi ^u-Vi 

^UiV' SJ-i *u>*il J»'JiJl jt Ja>.*>U t o^H J T*^ 

^Uil If 9 *'* ij* -UUjt £4 plj l3 l ijl ^Jp CJlS"" 

C/ 1 ^ ^ >V UjLO* 3jl j>- <>• jj jJ^-l *U f jj zyfi\ 
<Ui^-f l Jji S.jjU-1 j j jjladl 0 oUp ji Jp t»Lapl 01 
'j* kjl*o<v ot *A*j ^ t£-bli 

. &j**U Ojj^Sj Js»jl ^ 9 ^ l * 

<j >• V** 1 ^ tiij ^Ui-Vl '-i* ^t L^j 
^»~j- i iLi>- t ^UiVl lijj oUJi iILA-l lS 

UUa»* U tjj I lOA Jl. t t>«^lj Jj-t 

(j^'J 1 <;■+* *>' u ^ bUi*l ^ 

^uiyi tu o' t ^ <jip i>-jA /j i jficj tj*- ftj-iJ-i jt^j^ r i 
01 1<Iaj O'pljfVl cj*JL>i»* jj oL‘ -uj j j 

IjJ ut 4 jSl I ijljytVl bli J* £WVI Uu OlT UJ 
jj'j£ IfJ £04 jTI J>\ zl* OU L'+fi- j JyiU 0!^ 

4 *iiA uaJi ^ OU J „-* « , r ..,4 ^*p iU 1 ^ ot j-s* ^j ^jlJI jOp 

£L*J*yi jy^ jU^VI ^ h w. ai l Ot 

. jf\ fl JU&-VI y> »b l A 

fi Pulsars f ! jUvlJl ^ 

*—jl 0^*- 0^ ^*4'* 


1 V 1 



df If'-* a^ (J jlti tilU b-fcW -A»j , T-is*- jJu*> (*JN> Otj 

Ol;l?w jf> y: til’i ^f- jaUaJl £UiVl 

■ ' 5 \ ^ f(j* * j+eM A 4 y*«JI <-jp>WI If.»—--.) J& 

• '-^'j 1 ' jS w<i-»j ij^*y ^ 4jjU!I ^xJI 0] 

j -5, t —^ A ^*.*j ^ 4jA- JtJl (3 A j_f«A>'! 

. OjliJ wli jil*x* 


ili-4-L li 1 




( 4a»Lk±yf ) ij__^jaly olLJI ^ Jjl*- oUj.i jlj-^Lf 4 ^jUI |*_^»-JI jz+zj 
<Jt> lfJ> JS" »A» *«iali« Ol Jifcfc 

J 4 A. ur" Cf m A &}*- ^1A 4 

f — Antony heuish — AiH* tjj^ y. 

j» o'^tTl f jU-oli Ioa . jJ- 4 j>A j yW JL^i 

J. 1 ^ (J^U- jf*^ — Miss, sj . Bell — i-JVl J> 

LajUa* i-jydl j( **Ul 4 ^ i-J'i/l C-Ji Cjj [ Jz }I 

£ s~ oijLl>\i t &A °j\?* J—y crtA* 

j£i> i/}\ x?s f j.i f A $ s j& f fjji jf Mj ij* 

5jU- OLa*j ^ SjLp OtjLiVl CJlT <Xei . JiL^ £* y*» jJ- 
ijjldt *JU T*a^i j js^f V #yi) xx 4ji?\Jh jIJupVI 


\vx 



^ J-Aj j ijldt jj*i i*lal> Ol j* if w‘4^ j 

^Ju 4 J 015” lij ^Wl j . ta* ^-9? 

*■ ^wa)' J4*jil-il OL*01* ot?*j sjIjl^s 1 *~-**yj ^>1* 
*j.U ^.V--j £LiU jj . l» Jl «lapJ.l ^ 

V 1 *_.$ 4a ; LJ 1 r ^‘Jl ^ ^-Jlj SUJU *4* 01 J^JI 

U>- £:* O' il’i (^1 A»UiN\ *_j£j r^* jj ,j £ 

^*i£vl w* ~'i”1 4aJ . Ij^aj *U j'f 1 3 

. j;r T 4>- Jl] S^'Au ^JLopi- U**^- IA O' 4*-y A^ajlJl ^^ 
Ijj'jU '.^■i^,»- 0^ jj- *-S'£ 0O' **yi Vj 

*■^1' £—JiVoj — Doppbr shift — j—»-*' j&\ j$& M 

i 4."5v*l ^j , O'j'i' O— J \ r l ti''i ^ ’~~t O' 

J J-V'i r r jj-a'Ji} , o4a O ^*4iP #4*JU»«* Or^* 

£\'x ot j£» V~* ffj <. ( _ r —t!' J* 1+^**- ^ 0^1' 

O' j.C: j u »jV' ii’—f <iUw* ^jp wi” 1 £ 

lay ^aT *1 .^ jr f i-lJ' 0 * £-a:j 4 UlLJ- i f -'*** 3 t»- <£y£ 

UL>- aJL" b-'s^ SLp- 01 . ^J-iili '4=?- S4 *jj- 03L>- ^jsf’j 
lx jj t_f'j^3' ( jA-^ 01 . <«uJLu jl ^ j5" ^ ^iiAw 04i 

O'jl£t O-ii'J”t OUJ15” \Sj^ O' otiJ 0> I^jLaj 

a!j!£ Olj’JiV' 4-*P ^P 04>-li C.M.J* OlpU-i^t 

OljUl 01.0^]' IJU J sU-' U>Uo J. i\JU OlT »4] U 

. l^—A) i—S" I 1> j 4 i /i « Ol jlu^l 0 lx j blips' 


\ vr 



i 


Aug 1937 - exposure 20 min 


I 


Nov 1 938 - exposure 45 





• ^ u 4 —jo ijiiUt £_jj> ji^t • *>i^' 

\sr\ fl» ivJt otyJl SLcll! *0. j«to : s^i\ JSoJi 

x>{j ;^>11 Jli j. i> -uj j - Supernova - fc^L* fj«£— 

«*0 iiJi * •>* i ** 1 » 

,j£>j ^ jjM 1 *■** Ji-A <J*J~ Crs > ** T fl* (j L.1 

ys*l - Supernova- »W-Jt ^i-ll 

t—1£ t i^S iT y y J-b (^1 yyj jl bli t Uf*j 
4a'J» j^'JI 4-ij l* y (!)t C*l jLiVI fjp 

5Li-l jSvi (/' jj?' ^ 

lfTb*j* Jl^bL t i>y^lyjl OljLi^fl ytl • i y *)ljym* 

.JOt^Vt 0^ U" . U«* ^ytil Kj^ ^-^^ Sj - 4 

ft*.*! j ii^* JJU^jt *“ J Ol>*^* 

Uv; l|ll JUiUI ^y»Jl U’^wi iiLil iiyM *iJb j. 

015 “" 1 . lUyC Wl j V -1 (^' V->^ ^ V-> 0 * ^~ 4 ^ 

i'aull jt i<iUl <y 4 j jll 

(Jjt »y* dj *U Lf^a i y*Zj C-Jyll ^ 5^-33* 

ti!H> 0t ^y»dl y 4j jl! ^;.*>1 4ii . ^L-t J^U- *y- j^l* 

Iq^JaH j ^*Ip lilJjj ealp^fl yt y ^ t«iaO 

V U;UI fyr*J v'Ujji! 1 


iv# 




.Ji* J„fT j giJ f 4 * f • * J] (*-)' ij *-*^N *.)*^ JH 

»L—fl ^ 4j>iL}! ^j»«JI oL .jLn jm *»jtj L ^b * / x *jil li* Gj^ j ji 

VLUI 

i!l d)l ^J j> aj jilt <^11^1 -i^-l j| 

ji Li" aJ jJi}\ ^LalL TjUl <1)V1 * y~*>l ^ 

U* -U»j ^laf ^-Xpj aLajIJI ^ t/* ^ J-* **/^ 

C->wijl li] C*J J*Ui5 j-a* ji* aJ <1) j£) <1)1 -« V £j’)' 
•. aJ jJA\ j^Uallj i^UJI ^U J*lj^l JJt—ll J 

If 5y»*U ^ y~* (J y* C-A±i£ I ^J! i^ijlJl ^j*j!' ^ ^ >-] 

j^Uail CJxt ^I L*-Up ^Ull 

W'l 






i#JU C-)lT U J y jS J-^- Jl*- d-P- 

. iilUl r>! Ji ^ obp^ <iJ)La cj;r lr j JUlij ^ r i 

^j£ V J y Ob^lsJl y XJ«JI tiiUiA 

<;l- i^if- j ^ fiu* #u £ j* u oj* ytjt «jia 'jtj 

[j 'Jt y jrJl J J—iU ^ jlT Ifjj 

^j'^l <$>y^ SL»- *jj* J y 

J*Tjj L.W J yX 'jt *^1! i^LJl ^ VI ^-UA^M 4^-iJt 

■ y^ dli Jw aJISsII <— j** * *""i • til 

C-jlijl w*” i y^ S\f j j'jr* pj>>- 
Jil’all <Jl5dl Jan^j £jl?*!l XkJ> ^ U jjl^t 

j * JJ b f ii jiw ^ jjl* ^ 

dU^.«' *-jUai.I i Lf- S) j*p ^ til <1 y£ «b«A»- JpLaT 

. 4il|JI Aj'-U (J] J**jj «c£«Jd A, jJill O^UUJt 

pj>«'JU aJJX^a * i«w ^ jT dUt«A a Ajl^jl <j Ju Aj^D 4_5 

oA’i j i I jl ^Jl t <*• <b£)1 j* <fc$L ^L . Ji 

i)U-1 *JL% J ps^i*l (J 5, <j^iJ • J*li <kT J* jjT\ ij£)l 

A **S^ m l*t — White dwarf — ,jXX ^M ^ p**' 

*x&\ ja j*ii ^t ;jl^i cJiT ij| L.1 t Ujjit j,f>\ 

w#b^l^** j~i VS a 1 ji tl—U jwLp- i>- 

-W -*j dli g'iJ * Ob J jz}\ <»^t^> la* Ob 

jS^Jt ytl«ib ^1 j^UiJl ^l»l ii liaj! T jJi i yXr j j 

j ^SjV T^ IpJJ ■> Joj sLy Supernova 


'I'-f 


^ VY 



J>\m.S\ ajS\ CJlT 10 . Li Jjj \*j~ 'f J.\ 
4 * W (Jc^ Jr* ^ 

JrrY ] J* ^ '*^ A *^1 • V^r ^ uliT til 1 j-Lj ^ 
»y. jl»LLj J*i)L> yc-1' . Jr* J* ^a)l 

(«)aaJIL 1 tj 4*ja>- jiji O' aSj L^yi" *Hf^J JS"" 



• pj jj-iJl jli»j-J! jrj-u* ^ 'a JijJI < ■ _ i« f - Sa^iJI oLi-JI jjiljii 

jfcT ^ l»jl»bj L ^ t_jl5Lj t_jL j U i«i!jJt Iyill J"^- 

i» j yJl 4 -ojU! I* 


cr* J*;iJ VJ/^ 1 i/Vi 

^y-j j*y . Su j-i 53 i j'^Vi iJu- ot Ta>- 
? 4,*J Jyifl * j»\'. ^ y* l*^*2ul A^XjLJI liJt»' a*» 

— Light home - a jUl \j*> L *L>*y!t J*ty ja,j U j 

> SJL Ll» j«uj (iuv) yOll i.Li rr J a.^ x«J (#) 

l»jJl ^ 5-JLifl ob^LJI £ |^ ja^. 

IVA 






^■*** iili l^l J? j»^i aj* ;J j 

v'j>> **”> *L^U JJ b l -*‘ b ■ p*»J1 jJ*- 1 J* S*yy 

J^»'yi Ol*UiY j i.'JX ^lai ^j t To*- aJIp i, j 1 j **j+ Ob 

Cr\ -Cyj Oyj» a^»! y,j ilaJLjl *oa U 

»■* - y i —“ White dwarfs ■- ^a-Jl j\j * y U 

alwUll oi*5 I 1>A1P U*j lO ij-lll <# Jiv 0.i->o jjy i, ^liJl #JU 
i-!\il'w i ij jjjO* jflJ lIJjm b UojLi 0 

• <j*'i j' **/■*'' ••V, jj ^ O' ^ y. ! J ^ *—y 

JfUl 3 4-^-_ydl ^j-Jl ^ajLJI ol 

,jY».Jl j^i — U ULt» jb lily- <3£•*' $ jj 

* 3 if j^yll jT SjLiY J-lif If J ^ * 8t ^lp 0 jy~-jai l 

br* : _ ^ ■ )j> ^ u a? J-t** <y*ri 

<_i v ^Wuw V ^IjOY j^I t©U«M ^ jjjsJl t5^*i 

j* l * (*ji jir vi j^i'i ijSs\ ijiijji 

\ JJ . £U«iVl LfiP <Lh -^>>r*j ^ ju V 

• «*ly jfo sii £l*-*VI 4*1^ > j ^ ; ^ j~* oijjfcsll 

VJ^51^ Uj V ^A>- aiW *,iWl ^ j>*~S <iXz£ 

' ■■;•■■; J ^ii^Ukh J*- w« 

ijj t SJbJLi V^i»- dibc ot ^y- 

IajUs^I s , .< ^ <«ajb!l ^jj>D <>w?' j ?jT^ J*s*j? V 4>t jj- 

. fy J_y j&h Uitj dJLi if t u^jl! 

\^V* Oj-±jU Ip- yjjl oUiyJl cilT iS| dJli jp V»*uj 
^ 4«U> lui Ob <JuUI ^ J»c)l i-»l jj jU ixjw? 

\ V* 



oT — Harrison — ^ ^ J* 

J*l£ If 8 JJ^AJJ *1)44 Cj! J*i£ l» jl&l J^rV 1 

iJLfcj * SljJU <p j^j JaJv ii j^ci\ J&Jl » «l« U, 
illjj £*Cj . TilaJjl L» j jL^Vl o yw; 

- ^ y* /jw J ^Ui>» w 


^ yi jj- oL>JI j. OiJull Jllu 
jt ^LJkJI J*-1 CJ M3 i-kfUl r>! J1 
•itxJ J* | jibll jUJi n U j^LJl 

oL-M lII JiLl 

. *-l» V 1 * 1 ' 

*4^ '-Vi L* >-?“i (HSJ' 

Ul^ Lai -jJl 11 J«5xJ jij ' *^Llf 
Lai iJJ t ^.»» ~ « f^L-iJI Ojfsj 



■ tt'ij* Js>» 

OsjUI Ol j£u a £J*\j 9 y»*...U i—ljJil ^5 jj 

J <kJi OUjLdt ji JUjll Jj Ll^ji 0 ^ 

OJyj £>t IJU ^j» uil* J+a ^} AS ^^J • W* >y J>»--> 

A>t i-itsU OL ^laJI ^Jb-I jL^-1 ^ aJJliJl 3 jJ> 

oj^aj r^r jll C>i* &>J)1 oJa ^ ^ J _j 4> 0^ jj-J 

. old I iJli-1 -La a 

^ A ■ 



O* / (J* k — Hoyle — Jjy c>t /ii jt vy £j 
jl^JjU £A *Jl yiVb i/Jl oJLf- ^ j~£ Lj^* aI>LJI <S”/i 
t^i—M ^—• j!l Jl-b»- y-t i y — J . U . Narlikar — 

iUlOl y» U jU»b JaJjli Ur./ L.t . ai£JU« cJU- 
^ ( quantum electrodynamics ) y i*JL*Uj * y£JVI j 
y* 1- jU»*Vl ^ iJLifrl Jii . ( /J-' / i/ j* ) 

jjb j*i Lf-y£ ^jbf <i>Uy jt /sC UjUsII aJ/ 3l Ob/Jl 
U*Ui0/ll Ay y»l» iy a>^p £l)Ua jtj Sjiil 
J^y yjl . /laill A*/j Ll* ia-l Ji* j . oL->J1 
dlyU-aj^^JVl jli j/lll ^ sia a1i>-^Aj: (jU>-V1 jl jl£j jb j 

ftfj—*" *^»bU>* ( quantum electrodynamics ) 

«ia y yiUdil 3 / ibfrl ^ Ait .... A-Jlr* V y>U» 

. A iy^aJ VI i-v?y y>J jt /x V Aa*/! /J j aJU 5y yiUll 

C>lj^—i j—* yJlj Jl—»JJ U a j />Ul 
yj . ( quantum electrodynamics ) yy£)l £JL»U.i jy£iV^ 
j/l L-r /U /I U-JWI asjJI CJIT Udl tia w»Ut ^Oa-] 

— Lamb Shift — iy^| «w>U* tjyu j AUm <_»jl>y 

f </tl ( y>-jj*UW Ut/ J? ^J>\ja ^ UUii* jJo yj ) 

j y <jt jl^W Jt ^jib ^y jlT i*1l A*«b Am# ^ 

£ o/ji j* iU*vb t&? o\r ^-v c bjv /Sn 

Uj 4 U*^Jj vV ^ y-Vl lia ^ r ^\ 

(-jUJ-i lia 0? OLi' ^Jp yyli blS* t U^JLp <U» 

/c UrUa- ot 1 -Ui ^UJbj Joai oliH aJU-I ij /j ^ jt 

ui 



JJall U* ji* f US" . jS a*. Jl t£r obi <JU.l g>jc 
oUlwil i*J y . t j£"] <*j IS jjfidl 

. OL^Jaj ^11 

oUsuOAii ^JLp ^ tiHU* d)l£’ ^<L>-U 

jJi . jlSsJjlij J>jA ^^laJl Jjjjl -Xj>j l yiUW S^iiSI 

j .>J Si yX\ jPjJhi t)t iijfc»- IJL* Ji* ^Ui 

0j V *jt jly Sl«£l ^-irj yj i hjids y^'y 

y ^ jt <j **1 y\ y b 

JjUd jt ^iUJl y #all y J. IiU* IaUj^>-1 ^11 aU> j^J\ 
. aU^j^/I s*Xa ^J! OUUVl 



; U -oljJl »lil) y jMl ^J>- L>kJ JLaJ 

. Sj 4«^J,1 JflSi-l J ; '*J 4 Ol£llj OUjll ijjJiJt Sj_j-^Jl ^Upx^-l* 
W*^"i«*j» J y~ v -p <y jtf J** 

0 } -ifj* jCi> jMl 4 !yj j! u JO • {V 1 J l r'^J 

Cj 1 y—Jl J^A** d) 1 ^" L*^«j ‘loj! j9jZ~»j ifi- jjJiSj *—l 

1-U J ^*-ij . tl-ijll j Uj-iJ Lc y_j\ ol*y*t» ioUi!l 4 ; 'i!l 

li yd l ^jtdl <^L*y*lt j* £l .^U ( Jp ^^aJI 

jl *” ^ J 0^ \i jfr V jit ^Ji\t L>" jit *J 

^ !t;7 Si«A \">* wV if tiJJllA iLiJ-l Jj . ^^a'Jl y -U* ^1_; 

<—•>y*H JJfeJLl ^ <JIj 4—1 y> 

l>y # Ki i’Jl> jl 4 >yy»Jl yUll Jl£ ^~ r - 

ylj" «A\* 41 4i^^l 4«#1 j a j j~a; j ^»ti O-J J 

^-UL ttll v^t J<£j 4 JU «ilUf y^fl OlT -. U ^ 
jV^ij . »u : «jl Ca’iLdl JUp t>J« J>i 4 jji^ 1 Jl jaUaII jt* 4 UI 4 JI 
^Lb J^si> <i’Jj jj' (i jjj w»ljj^ll Jil^J Ji T^i*j tiAli 
j* ^JjJVI *iJ* J p 

Jlu ^^1 ^vl y jji*U 4)1* J*ii >_ mj Tjj* j+£ 


\ Ar 



t ^(J^ •Jj'-’j?- <^’ 0)j 

^UiVl u* Vj 1 ^' ct" “4^' *t^*-J <JJ ^r 1 ^ 

J)ly C/j jU>j^/1 ^omj til y^3 kL> jiT OVj* 

j'^'V 1 Jd t/'J' jj^V' v ■ i ^' r^ 3 ' v*** cr J*' 

j ykrfi **J!i OjC-j ->j-1 ^»r j-Uil o j£--i ^SO' 

k_«iy5H jJ-t'U x JJ ^l-Jkl '• ^Jz ^ t^* 

^ t3 **’ t™-* liJUi* ot» 

J : U*'J UU ^lla'J’Vi ^JLe <-l y ^U*-J ■. ^'JJl (jJ ia\H 

^wt oijii^yjit £_jy^ i^' a ^ 

. r SjiyLi ^>s 



Je« Vj •♦* LfA; J1.U-J uiill LA ^ 

t At 





4 , *'>»U O'--Lift J y>- <* jA» ^ £7 y *-~* y 

'•> <j j* yr 1 ^ j' ji- wi <> >» ^ u& </* 

ti»yJUL £-0 01 ^l3i -LaJ' j £*yj l\^Jj iotfjl Oly— 
t jjT jj-u- *,^£ ^1 £*yj ^ L iiL-.il y^l ^ 0^ 

IJLa J iij*» yl yU . I* iU-'i* I'^flj If j U$-j 

. I-L>- L* 0 y£i -Lij i-*ul j£ I yU--- f “*■*** £•*» J^-abII 

j* S-i jt w»jl»3 ®*la 

i^i'j ^jjItJl Oy>*l l* y^'JI ilL. «jy^il 5lt-J,l 

-ti j l*’£ jr Ji i^idi iJUo j01 . i^idi iHJ-i Oj£n 

oil . ^jyiJi O^’i j j-**’-£ ^ j!' ov 

•■Uj.ii'j 3-olyJJ l 'j*j* j£\) Vi<!l <j If jj.-- Uo ^yll Oj£)l 
0 <> m Jai O^wl -U) . ^\ iij ^^jJI Ua Jp ^Avi' iJ-Ul 
0’-< oj^* Lp^p-l L.-up jj ^ yfs iyii £*jdl 

^tJl ^Jl — Friedmann and Lrrnaitre — 

<—’•-1^11 «—*L-^I (^1 3jLi^/l OyL, — iLSw ^uJl •— 

J.wio If Oly-Ud o-U ^.P* C<M } -Li) . io-WJl Oljj-Udl *1 JJ 

. AjjiJl ►Ijyi)! C-j lyLi ii— jJI it yJd 

: objkJ) jj iijiiil 

V ilW j* "5L-aI 4jk ^*y • ^yi y* 1*5" . £-yll 0^£jl UL^l 
jj/* V i>bT oii v’l Jyyi V| y V 

ily 4»UT 4«J^IsT iili£\!l o-La Caj i— liJl 0y*^* ^0*^ 

Jj^* J ijjf il>-^ll o-U ijli)) . iyill 

j> m j& i-?U)l _^p iJ>j^ia)l o-u ^iiJlj . <>rji i)jJU 


1 A o 



Ui l y& j f_jJl <wJt» ^ «lii 

|i litJ i>.sUJt jJ. JljjJill ^ ij^ia'JI 6wU V olslt 
Jji'y O' Jr>^*V' O* ^ 

w^jiill Ui)l o_)L- Aj-iUJ* jiil' J CJe-ii ^1 

j a^L*Jj aOl) j&l w»l)(!)• > 4 aaIzi’xI^ 

* ,OiVU«j 4 »UmH O'ili^Jl j *j' 0»-jJ oyi^-*> 

l—„—.« jXl‘— j ^5j>-' w»U-— >■ J y^y 

M ..^U jj( Anti Proton ) .iL—vait j yy ^Jlj w> 
OljOjSlit 5 JIp i*U> iilif Laj\ — Anti neutron — 

ud'i—Tj Sil—U ZjSZ^y jOLi jj^ll U—-< — Neutrinos — 

Jy+A J»VT o jXt J'j*- Si «j' j^ S-y* ^rr 

CjU j jj }y+>\ *Ulx—*1 j ioU^I jjr OU^—>jl ^.ia<M jli S' 

OLiy_ycil ]ai» ^f^y 

v^Ail ■w»jblj l* Sj^ _)^ d a j - L».Ai£-j 0^/1 . 3 

j S^ S^yM O ^Jca- jii s-y> ojJa 

. j£\ <«»i jll **'^ !> 

• B Jl~=» JijyH *\jjl\ JU 

c dj>£JVl j£il <* 4 « Is-. * 

jj/i' Jr*.^ Jj 5 ^ J 

t*~> ,j ~iJl iL»U-l Ojill kii'iULiill diT 

jiil OU- 

jl ^ »L*Jt!l jil jjiJ) >■ r 

^1 > U£«‘ ^11 40 l>i^Jt 

U iil^' V Jj^ 

^i y-; 

sr> j-*- Je • jJL^*l 

S»J- j omUuM 



\ 




. j J>!y: ilaJ^ O' ygysft jj£j J) WUj <jS/' j- 

4»-jJ j A^ji O j-'-* i_i)l *j' <ji*. 

^U } jj jJ' j> t Lj^yT j f~+ aJII Ai j'— 1' 3jl jl-\ 

jj' jj'Jl O j£> IpUJ jl y^^f! i jl j^-\ xp . OUjyJ'j 

A»-y jAtxj Uu;* j£jj . SJtt (f j£i-J 

j/51 j ^ 0> jj$ U li| AiJx ijjjiil o’^Lc!' 

jj^J' ■ j*^l**^ j>jJniJ jj^""* il' SJJ«X* jj^jj 

y l 'io fj* 1 --^' lA*^ j£vj ott l_a!^ «j' ii> laj jJl' I Jut j^>- 
«ULli T** —T* J'j** Jj-Vw - Jjty ac-L-' 1 sJua! Aj^ Jj AaI>m 
^ j* 5 J i y Ll **J* 'Kr fjrV 1 «ii j* 

S^lii j. ^ly<y ij-ii i^jli «a>x>- ^UjjNlj oljy£j*^' 

. ( 5^0,1 £j*j£ j- JI' j' o»J^b J?-lj J' y- ) jjIt a!U- j 



• <fj-~ l*-- yj—J iit yb d-»- Ou lijjallfXl*-:—n in^Sl jjLu 

*} jX^Ll ij yjt J} yj l^Jw J* Jj# 1/ 

. £j> ^ ■>j^y' ji-jt i>Ldi «^jji yyi i«- y. ^uj oiv^i rt j- 


\ AV 


jJUfi, 3*U' o'if g iijUlL Uf ijl* Olt a>i.j 

" f *./ 0^- ^ l,iA ^ ‘-0*^ O' j'ifl J*i^ Jp 

a^V—• aTU^** JLC V Ijlp jr? iu O' ^UiVI 0^/ dJ’jj 

. 4.V O' 3JL231 V -bJL- Ja*wi 'i 0j£—-j 

5‘2* O' o'J Sjj-a; 5li*!l i*\S? £*j fl' '-rr*i- 

C-J jJ' 'jj* J i *> jAil a ;t y- 4*-^ l3 <ji aJ»%s^> 

J».‘f SJU (^jL»7 Ji ^*jl i'j^ll oli j£i:J \>.j& 

0- \aJC£- } c>\ j^JLl JfCiT Ji i!li f -LdJ . *1^ » j* 

jX>~ _j.j U iliy^'ll (► _j>*‘*!' 4b5" Oj\iij ^j>*0' o'^>0' 

aL* - 0* ^s*Aa L»-^ Oi** - **^i ^f ***^' 

J* U»vJj il'^,'—J O' St£!l jljJU jJp wU>I r»0' a*i* 

i0l> <. i'^sJt i^. $\« £* ■_ i-^i*** £_y»Jl O' s0«^>- t 
£\J 4i>* Ojj'.* (a *^’ J <jr* ' Of*-' 51^ 

Al» <JJ ^Ui-VL j& . iwM- O^jJ* ^Oi>-' 3^ 3 
w«^ 4i«* 0lOWT 5 j2& ^1 0j^lajl 0 

<>*^'«il 3 p11' j'«Aa* ^p li j ^y* ^*^1 O' 

*>U.u Y * ^jj^’JI oOa Jjt* 3 pL0' (_a ^u 

Lf^ jJiJ' j^Vs- ^Jp f^ 1 ^' j* 

j* j*Jj l£y^l ^ja»«0' (j*®^! O' a ^ •> 

Ifr-iJ* ^ 4 Tjb-lj V iJs)' 

. (JOCaVl jjp i» 










i; j^ ^i j£- ^ 4 jj 

Ji-U +y -\ 9 ‘ \Y * i )**■ Jj& it <-jf U^i Li" t ^ „il <.-ii 

^.Vr- £U i^x** 5jt j*• A>-ji LjL ijfiJiJ' ^j^ 1 ^ 

5* ^ - *j> f j^> J*' J ^ r*>' ^ 

^iv—i *5U IJLSCkj .jf\ ji *>*•** ^J»- l4*»ia-. ij\f- *>-j} 
j L#i ti'Jl'Jfc j| . 4-^5”* * »£■ J *M jLa* *V;J^- 

J»y*>- J4 jM -^J jfej jf \ o*!a*> Vrji Li J^r- 1 j 
. sj* ^' A 77^ ■ ^3j** j“^-' r^M’ 1 



OU—-JI £. jjUI *itlu ulf U jj ^-UliiJi if^ j ^ £\r>_ V 

if 01 .»JI 4 ^^ ^L*Aj ^ oji- j JV» 4 _*-^ 4 \_—J} ^4 

^,—*411 jJV' — J** ^ f—T £ i-U'iiJl 

- 4 fj\ Ji>)l / 9 l - , Muon « ti jj= .j - >Ji > 

- j 



— Neutrino — 

\ ja £ 54? U lj j? Ui>- dJJUft O' iiiLi' a-U Jfi 
^ji j* J: S £*c . ^y-jyJl r ’* ^ fW 

yj — B - decay — U*j w»L»*—^ jLu^l O-'^oj Jj^l 

■uJJ~l Jj 4 TiL- iJLiU UT ; OjyK)' jlo^l iSjy 

wjl>%'Jl -t* y+,< Ojj>*' '-ij- — Pauli — ^ *iui 

0} . 4-«a5L»>- ^J -j yjyJI j yrj ^ W^j aUL-* ojj^j Cia*' 
ii-vj** jj <j 3 / dJSij j*i j* y> y^ii 0'i^yJl 

J- lT . Oj/CVl j ;r - V^i 0:^ 3*3 

JUT tu»j* >i'j O! /.jyd' (* J j£ y!i iiiiJl OL *s- 
J'-lilT V . d.UJ ii’Ja!' Jj£ CjV*^ iLi lu.> Uj ulyjyj! «4 a 

IjT OUs^tJI ^ «yli »j^aj V] Ji>il' •■ w'yjyJ 1 

I*.> J 4»/j») . -• Sj.^ tiiji 'y w? ^TlC; 

^ IbUvt ^ yS” i jl^J\ ^ i»U ojj-cjj 1» 
l'-'j jli j>- Olpui^/l jlla'jtj ^ J »Jl L * cjO 

oOa yi^i) . ijjjj'j ji * yj> $■!* 0115"” t.\j*. 

W* “'^**' '■!*->■ <*jlaiU \*S t-l^ipUiV' 

• ji^ : cr 3 ^ J" V 1 -** ^sr^* 4 j' Jr 

ioli A>jol J Olji.il y T * J&L7 yj' OlpUi^' awU ^lj£7 
Ui'i ^ j . Sill I £» Xs*- 

0toWL -■* OlpU^iVl 9»ia y_i<—■ {'S' 

•jy^l OliyyJ) <^J\lS t £>.I~; \*jJjA ^ S-'*S< 

J* 1 f 4 ai ^ tl yW . p"v-rf»i 


Ml 



ijL -LCai UUst iJLsj* LjJj 0}j ii’ial' ii,grfp< , 4 C^Uy y 

~>jj£ J t ^ ££ J U Jl£il J^Ul ^ 

jli » liL^l b ii'Jff JpI w jU jj j# 

J] • 4] Jr* ^«r; y cr^. & 

jSvi jU^I -L*j ^->»!t jp LL aij OljjjJt! j-j U j'p jli ii'i 

ij ^1-iU JiM ->ya . fflUl ^.j jUA}! s >T 

y* bl 01 , it y+£* OU;-»- iji ^»*^' ^ L* j'P 

■ *il>- J -s jsr ^-p w-'Ls*!' si* 



siLlij yjy:*.M U lu«» ^ywaJ' JpUsJI 01* iS 

^’yjjjr# i^i 0]j . y>jSll <-*Us^l lu^ ^^aJi ^y* Jj£ 

j-ip <J*'J^ 1 «J-c._j ^ *vj'i5^l o lx L»Lj- 0 J>.) j’ w*«^ 
3\1* iaii J^t^ J-I-Aj 1^.5- L iSy*'' V*P jj . 

o\> 4^ *jj!i ppj 1 • ^lyt/' j£* Jp *j-*^ 
(Lartl 1-i* Ji^pUl U ^y,ydl ilil 1 , V./ ^ U; *- : 

•JU{* *jyAi ^tc jC . wU, U_» J..|04~JI i <1* 4yj>^ 



S 0 


ijjl j>- b »U> j* .rtTj ^(j #UJI JjyJ i*UJI *J)1\ 
vyJJ «u> Jp -lij ^ (J* Lf*»« **Jij *Jjy 

-lTL' iiJU ^ a*U»V'j t‘>4j J k-XU-t J ^y* S-Ufc* „*> 

<LU-1 j ^dl ijjyJ' J] JV^ J*y*»* 

y^/J # i* &>.*. j- l£c lijj oly,ydi Sj-UaII 
jp tlfc-Ol -Ij»» iLU-l j -L^fe UjUJ 

t UJJ Ujil L ^—ill T Jaj i II C*lj'JjSSW 

c ijljpJ i^-'JU Ijp- i—'-p- olyjjij ^K> 4^-1 jl 

V-;!Li 4*JaP i*+A\ 4j‘i 'J*, jJl f J* £ i jljJ-l t 1>J 

jij 4 ^■> , .Adl lj> ^ 54lyll oty^yJI i.-J </* lali * L*J 
ii-L .^tJl £j* #jl j>- ii jAl* ^ItvJ L’U 4 Slllj «• «jUJL* llpw 

• Vri /* J •alj j tiJ’i ^ * La j*Ia» 



z*X>jj& JV' r- ^I^JI ^ |^w . *W ijl* UU 5 «il^ 

t**} L^.^y yb 

WT 


\ T—f «J ,j£N S^ri* 



t ijjdi t ^l*it % i -vj 

•oi jjjdl TjJi *iJ]tjfc jU os>Jl tilled! ^c>- ^ Olyj/Ul 
jjjjJl IJ> <J’\~S ’I UJp j , Oj^ll J Oly^l 

y» <L>U *iiUIj *_jL-<ty y» ojjuJ i Lil*^ i) »y-oi jl 

1>U»; J «Lp«Vi Cj \yoydl ^Ua< jp Lib- 

j>iA (j* 'S—iP ^^ 9 ^^ ^"i t» <!)] . 

CjI joyJi y-x^i < 1 ) 15 "” icy . (i)'.*jJJ _/•* y* w»iyjyj 
JJT* y-'ij* y j *j-ual' 5C-JI y. 

i—i'i> ->—• — Fowler — J jli jli JliU J »■* (Jpj 

*y- j-LjA' y>-i ~^* J . yjil OlyjysJl 

ii’iill »Oa T . Syt-U ii^!l y * ® j~* <y 
jj£* Oi jll IJU j . jy-jjf-uU Jlyp-1 j* JyLoJl ii'ijl 
a 1V«1* li £yivJl £)l l^l^- ij*f» ^y £*jy#l Ui 

^ y~^>~ < J-i LUafiA gyS—11 lJUk . Tjbj- Ol 

i)j& CJjJl lJu* (J . y«»-jjJUll ^1y>-l y* S yl^aJI iillajl £y-*^ 
iJN-ij LL ^y»—jt w,^- y L>- iilp •jM C—>yit ui ^y«dl 

J ^ ^»~> - ^*Lp 1 ^yVi~»\l ljkA 71 OilyjyJl 

«l*1jb^vl OaUj UXa »ly l* «±J)> jir Ujj ^1^)1 ^jiX!' 

. <i*>Loi 31 Ol yC>JLl 

jj^aj jlJ J y>~ y^tcJl y* 4 # jll jLipI Ua 
• ij'j^-l 0*^lieJI itL-^ 

jl ^jJijit (Jl 

. j\J^\ fj±±\ J1 yl ObUU- w-w- v . il^ V-— 

IM 



A j if*jl wt^JjSiJl 

*j*Jl ^ Jlj^-t iiJliT , f>}> m j . j^S^i\j tjfrjj *'^ 

la^- J~^kJt jl-UtfVl iS *j* Ja>-^Jj . ajLL* *^J Jl c$ 

O^UUJl a-U 01) ; ^jpd *^-\j <y * ^5”ijl Or* Jj VJ . Ot^jSU 
, r^j jV( ^LaJ w'^aJ- 4-i U t **£ Sjl^>- ^ 

j^fla) jl iiliajl ^U-i J^Ial) l*} . £Ui pi jl 

Jr* A-jliil aJ b^-l , aUdil 

^riA •A'^ *J*rJ f*^ Jr* J* Jr* 

jlT 'ii . »J SaJLJl oJik jt . jVl j>- ^iL« 

0-Uf- B^-5" a JJ^.J ->b 'j —« j-ijji j-iii ju iiur ^1 

j* 5 ^'> >'>> ^ • a^- ji j^-L* k w Joif 0 jl j^\ jjA' 

aI^JL* y J->-Ui ^ ^*-1 A; J y O^lf-lal jujlj 

i ja O' -Lai-I 'jAili>»> J\& 

Oi (*^**J' Jr* \ J* ( JiA) l*-^ J . *\ * — 0 * U £-jl 

Supernova Ai^jJlOjl jc*S\ jL^y\ ^ A '-** 

Jiaii a^iLU UpLJ Uj . tiL- l)U5" 

. -0 jiauJi OWyJl aJA OLj^ jjtfi 


1 J^* 1 41 ^y i .A' * ^fc* rwH ^ J l>>*-t ii ji» iUt* 

« >*Ji jo; jj u/'i ur W ^*^1 . L^ 

0'y_aidl J* J^l ^ 

J*L-ii jt »-i* ^wJo)I 0 ^ 5 w , AiLl^'i jlpIm) Uf 
if aU>- ^ iaWi ii»-yi ot ^u-iyi u> j-i-v«> 

Jr* ® Ar* j* S ^ jA Olf-Ouiyi bJa ol) iii>- oUU-il 



Jiljij OVl *-1 p Lfcp L*U ^JiJl Oil£* 1 »Xp dj £II 

il»-Vl »Ju CjIT lil . L»J» OU-UiNl j ^ l»l£ £l)i 
Oj^d ^ Lp pJLai £jJI IJlfc oUa>>^U 01* 

U^*j . old! 4JU-I ij If j£\ ^j^Lsd 

^/1 jj JjJ> V olill i)li-l jli ijpl Jb oiUJ! i»lJjV! 

SjIpI J* Uj iiUali IJ^ Tjt J y&\ jSo: U'lj L*lf-* 
. olid <JU-! *{Jaj «_>^lk* j* l£-^j *' J»-^f1 ^ jl>- 

x+ )\ fUio,b Oljl jlj$3l «Ui-l at— Jp *^id *U!l 01 
ji jSo: ^Jl J^! j* JU-ud dJOU* 01 . tJl»- o li jA y 
j»y pjp ‘ >j . If- o»UJ! iiUaJI Ol j!jl^£J' l*£l—' 

jt; Jjid J~*o-L' Jfti* j* ^ i>w 9 jp JJa (^T 
V ^J! tiJUb jft ^y TTi^kp OlJNl 

J£$jX> ^i! OL*^Uil jl-ll* Oli <jliJbj ^ ttyi 

t-bj- J y\£- jljJL* y **JU» Ol j\ jlj£d J^»- l^Jp 

. JbU cijd J 

: ^-JldiUd^ 

jjjli .j s^r j£±i Uj ^,11 >J # Vi* 01 

pL-^/l i#l jJp <^«id j*J*d l*i* . ^ itWjll pip 

jj UaJ V — 31 C-jl^ llj l Ipp ojiU^ii' iO-Jl ii>L-^j 

Oli OMpUJI olp ^ Oli Uliad S^Oip 0 *>lpliJ jp Ml 

i>IJU *JJJ *jll ^kw«> . O^j^d l«U ^ iiUajt 

j^o l (^JUl — Edlen — V. 



y^j- \AA» wit ilU \ y&'L i aj- 

jjr 11 j *y <ik> ij jj JS>- * ^1 ^1aS—i , jlj—>^|l 

l - * -i Oj3l ^ iLi olS"j ^■*..t.il) Flares 

. j*jt!i *^ ^ ^l-b^ j/ jl <-Jl jj a>«jJ lilli jlS' Ijj 

ilU' y ^aU)l *■ jJt}l\ 0j3' 

V»^ J* Oydl (i J»Uali n ,JaJaJi ^Ui* 

5X-U- ilScL* ji Jil iiJIi j£3 j ^iLt>- * 4-—4jlJI 4 JUI o' j-J 

. AijJ>1\ o' y £» ys £ J 7 _jk>Jl »JU JM 
i?_jiai*Jl B-i* t5j*' Ol£j isjiaiJl JuJjZ- y 

0 iJ . faJall Si U-l J y * of jSj: V (jJUl Jboj-I li* . Jb_aj-t 
Jj . T>jJJtlC ji S *~J -ui jua»- la* olS" 

ji ^ < r „ >.. M I iUAl ot faljaJl #JL* y iLiLl 

o| . ^ -3_yt Jj ia« < l <>-ji OjJll jLo 5jl<>-ji 

la^T k-j Jail i «a* OUjoUai SJU- J Oaj-Ji of 

. Ja— 1 j)l 

p- 1 * Otf OL^IjJI j ^ ai jJa*! JiLt^l ^ y ^J\ ^ 

y)l\ O^j fU- y*~ i~jj£ faljaS” (l ^—Jl *i-U* 

'ill *iUi i^f yuu C-ilS" i~Jl ini^M of y ^J\ J* 4 ft 
^ i J* 01 fj y>j*i jyj I JfcUJI J»^1 ^k-J { l^l 
40-Ji CilS" ail . obUJl 'ju ^jl>. *1^.1 ^ 

4 bLw> a_f- ^ -*1*11 iJU y fa;,Uj ^a,»iS|l iiUajl ob 

( V 2 ) T«-j £**Ai*~\ . yfi\ J j *^L* ^J» 

«&*» ->*! ^ ‘ vjM (J VW yw J«! 



illAI 01 iJj^ 5 j^" 

. dUi Jy pLia^M j~j t jX*a* -W |i l^t *?t+ i*J*t ■>y j> cAjj 
^ ti^ *U«J) ^Li (.Jyt O L ^ o ill aJL a 

<JL~>- jf’ pAifcL^l i^jjl ^JlI IJlA J • ^ • jJLa* pJjf 

t*At i»yU jjP XJjltf J^U-j \^*IY p^ tiJJS ^ 

ifcit jJ-4> i^JlIsS' I ^ill ^ iotf « CL- o i*uit 

. o_j^-i.i jfy aUil <y t£y jl-Uol ji 

otj j-Cait Ij* ^Sy _LO^ jj tl»Z- iliUa £)t o'i/' <->>yit ^ 

,^--J jJ^aU Ol *-JL)l Olf tf -Lit ijly ji ^2*5^1 £*jil 

Uj-La* J&J Syll y y*J^M j-A ^Jl i-^-J1 2*2<^M oii 

— Constellation of scorpio — «-* y*!l p^ 

. 5JL>-Ij yy ii-d J*a t Sj-S" i*Jb pj^Jl 1 JLfc *iy tjy Aai 
jt jl-Uol t p**> iyj p-i* 2>tyA! y-L U 

4-^Jl iiUe» O' <y* p* j)* J* ^jLllaa ^ (^U j± i 

»Jkl 4JU.J iiUaJl y jloil iljl^L. y ji\ Jl ioli)l j <s> oyLail 

. 0U*JII -L-Li yu y i-jJif 

jJufij p j£ ^ *r L**JJ ^ Li N ^ V pW JL» -AaI 

♦U£l ^ Ivflsji* /Juj I4— l*jf t * ^ jy*Jl p - -iij . i*-*' 

. ^^(1 jJLdil 5-Li p* IfL* <^t 3J-i d) jli V j jT y 

ij^AAi Lf-* *t>M<*b a yJU (_^y—<• ^ yUaU o-L* i^ipt ^aj 

^ ^ • •j*U Xy y '• 

. i ^Ui i-I p y«Ji < : — J b JU-i 





yjV> v 


_ui au? ^ ~**Ji ^ji «*tfi -v 

y jf-j • < j —>-M » £1 JUa jVj iDi y 

JlajI *-i* -b*^ yyu f i • ^rr-^ SjJUaU 

* J . J — yj >->)/* p—^>L-y t oy*l>' jS*y y fy*^ 
*i-y y pjf *Uli y ti» 0] . JJ y jTi ^iJl jU»j-Jl 

-.—j-V. ^-t>- «-bsr v*' y J^>- y ojj j'-i-^Vl »y 

y 8i^o* ^1 j OljLSV^ j y ^5"" OJ . v ~j y- ,^j*p 

'~>\3 * jQh i-l^'o fj»A fTb j l)^^j jJ ^L Jl y* ^...jiN (JLa 

f y* ^ yi<]l Jj_ul ^-■IgU.ib j jji^- i_) Sy»i^ i*UaJl iJU 
Synchrotron emission ^)j )!' j^AU*Vl> J/w £UiVl y 
. 0\j jy&Vl ^y-^* i u jy j-^"^i aj^/ 



u Jij UL* ^ ll d\ pW jU&'I 

. jjL^ll IJl* <^*\p ^ ^iiLA cJ^3 ^*j . W 

( 4»t ^ fc -U<9 j O# jli>^—Jl £y> ^JL- fc>l JJ JA U 4# J 

dlbf ^11 OlijSL>- a. > • o t ^ U J-i ^ 

• jJS" tl/Vjl**? -*- Jaj )o ^>Jli jl-Ui?Nl jU ^Ubj \»ot (»U JL* 

yk Uj iiliaJl iJUJi Olijiib A. a .^.C Jj>- 

. iilWI »JkA o j 

i)Lw» j* 4-kJkt a)Lm* i)j£|l |Jk ^ki ^ iiilbk 

ijiliJi ijL~* Ml c SjJ^iU ^<**l 

.aS"^* jj- Cr*^ i * *^ s ' •j>* su . ij* >^4i ^1 • 

t - J W 3 l"J ^r~' * • ^jUs- cr* SjiUJt •*!» <jf t 


t * * 


t IaLjj £)l ^ 

^JlJI y* aJ^ lf-1 5^?JLl £jl>* 

j* toli UUil j j& If j If-T JJ ^sj** H^J J • iS 

jUy f li| . J/ 1 !/! jUwii'lM ^ C-il^ \f^ j^Jl 

*■1 js»-^/l y* oT ^iU«JI ^-U-i^/l (jL Il»^* *■ jil Olf" (^1 i tiJUi 

^i >jJI IJU JJUJ ^Jp Sjjli >p ialiil £IU-1 **Jaj j'i S-L*Jl 


. ^£j^laiJ' j «Jl»’ 4JI A\an Jjlj j j^~*j 



*Sli £'> > OVt i*&} Uilfll ij^Sl 

; 21&JI 


dit * ( 0 UJ 1 -Ai*M ^ 4 *->>oi j*cs ^01 i*ui j >.^1 j* j] 
*l~*j i*UJl Jl ijlaJl jl ^Iaj* . i*l*Jl d ■■_'-I I < 1 ^U‘U» jj^, 
»jj>* Vu illij ^Uf ^uji <j^ ^ ot sjl>- 
^ i»UJI 4~—Jl ^ 4# j*J U jli oWl 4)LLl i Jau 


t * 1 




j)Ui j ujTi Jij . alii jiy stfi j uju* 

j/'jj aia c^uiyj ouji i-—Ji ouy ^ u ayoi. 

^ Jj - Ji!t L/ i« UJ 

-A# i^laJI oJa jl 4(_^_yVl i-'-tl j 1 —H I ^ 1-^. 

^ Jr- J*-» • J^ a - O'’-* ^’^r* J**> ! uuo> 

f 0^ • ^ <-)>*■ if^ ^ ^^ u y"Ju 

a fjJs JSLil jUI Jp w^’I oliJt UUJt s^jA.1 ju, 

■ U j=-*0* ^ j’W'ri' jTjJ ijii 


jl*U^ V 1 OlT Lr J 

dii—j t—• i«bi^ Jj»- J J W—I 1 

y- j Vj> fjW oUj^zSJV’ 
J^sjj L*tfU» J- f.> XkZ 
. tfji-*^ >*> jj ^ ^ t^y 1 



T * T 





. jW*>' iili J»J oU»yJl |*J4~ 0! 

j cr **& Ll* 

«—jJ J1 Oli j ^J 1 

uer w-r-ij. jO 1 <j siui j. yu 

*r j j t * j* * • •*-j-» £i-I 

. CJ Wl «j Oj»\ 


. r • r 




u£ *>.M' J* 3LU fjfij 

Jj>j«S"U *jJoj <J UjJii , 4......U _^$3l ^ 5"U i/^kjj oUJI 

• £Ui\l oYiUlt J_jl>- ^Ist 4 —jW 

wJl (J jt 0^. ij^“' 1-iA *xUi* wbLkj |*jLm> { j£ j 

V.*-^ Jy -ij; U tJuoj ^ jT *5^ 

iUi£ oV^Ul J#•!* *^1 • 

. i-eU-i' J^U- lf*L J_yu jb jt 0^*- j ^ r~* 

jjjj i^l>- j\ Lp- jJ* <k_-j *JLt> aju V iBi jU iiLai-l ^ j 

b lij Vu*?1 <wjJb j <mJU i*J 

*Zij* * J ,-^J t-JpOXT <.....k V ^i>- Jil y If-'T jjp ikL-J Ifj# 

r-jkv . * yJd'& (-jpoST jf vi—N OljlilS" 

. i-pU-J* Jjl*- ^Laltll Ji^-1 0*V-ib»l ji o\S" lij U-f- 



^W-r V J J-P -Kr-i ,/_>* ( (H-! u ^ jr 1 ^ ) ytfj* 'r^* J* u -^ 
J! i—JL; *J jt^j oL.—»JI »j* jU aJ j>^* J* j- 

l.f.^M.1 


T * t 



If- S !■* O'i/iUl iyU-ill {JyUai i-lil { jfi\ ^a^-l j| 
ii-K df’ y* yjjl <JUi)i J Ul * yj^ if-ymi 

lili . *^1^ if’y^ — 

^ i)y*iib fjy ^JLi-» jl\ oli st»*i *L» yX liL^ 

>yrs y J* ‘ j , x * J* y ^ r^-* ^ 

aiidl J&J lj£Uj . Ujuj 'i/J ^yjVl ^ f^Mail 'i/ jftia yte 

k j\~fV\ y*>. audi gUii Jbtl- ^1 a>Ji j* L- liyii jljjJi 

, t»l* <—j*L yty l*i* uli" la} 

Ijjk yOj\^>- J.UJ J yj at-** O J Zf'\ lj£*j 

. oi;...*>J' J i-.-Ji i^-Jb To*- ^-i*u 

^liidl ^U-li^/1 <n~i> ( Jlij y^Jb ^*11 y* cS,/i®^ c_jI»JI <I)IS" UU»j 

au J j^^/i ^ bis* ys*’! y oi ^ ^ T ^ rr*^ • **.*♦*• 

i..< yC ijyj&j jL~» U^« J^SsJ ia->Jkl ism ) Jj>- 0< <C5^U 

j — AvaJ ) — Schwartz Schild — -OL-i ( jJj\a £ 

jf ^>- ^\) * ^..-Jb Ljk jL—j'*l* li j£- ^y^-' 

^iJW y l» Tjlal TpU£I o' jX»£l~0 Uf If oU i jA j^-Jl Jj blp 
yA^ 4-JifJi a^ji djts ^il aui'Vbj . aifJij auji 
Tjljo a y*»*U abali yaif \*^..:l?r (3^ y 

U- ya ja ^yiadl Ju>yil jli j . a»L*y 

i3| , 1 IJbb ^1 yt <Jy- L* y- * JfU^I Ul»^ 

ayll ^»ta,y jt ^ T.'^' "“^ 

J aJb ^*1 iUi a* <>u)i i_~Ji a^iojt j y- 

. tijyi 


T • e 



j jil)J* ^y: ^JLI 

jtiJI Ua ^ ,Jai y jlT If jj ( Joe Weber ) -A»% ^ 

jJL I jt JUj ( Heinrich Hertz ) j y %Ja iy 4 *±j 
- Hertz — j> y M *JTJ £j>3 

l+ycj>\y j+J&j . —*j o jlyi A>-y *-—> O' ,j^f U ,_y* 

^y»\iCj ^JUl **ry Jjk -bJrf- j'j* 0t$" ^sr***^ 

OtS’’ *il JStVl Jp jy^\ yj «• dlli Jl , *** 

Jr^' <il <>• ^ oW^' J* f 17 b jU 

^kij Uxp *Jai jS J.. h - l l (J S ^ijl o' ^fkj ik—J' Ai^b 

Ji^t au. J ul. j-jli y jUi 

*1S%*y Ayr3 f-bJ jlU»V' Jp <Jp -l—£ £*PJ J?_j { j^yj jl 
<!UiJl o y jt il~y . 5ylt y Oir jJi ^Jp -^Ulil ^Ui^J 
*J y«2j ^J' OJ . <~~~$* *^21 y jr^ 3 . 

IOa $ TjLl# tpbO*' j A^/a.i o' 4j^kJi <_■««. » - Jb ^/ y^i ' 

<«~i j*ki» v _y 0 

^1* j^LsJ £-Ui' jU&l (J y^a>w aJL>-jjl Oli j^Wbj TjU- 

£y ok y y4l • <■>*■** J • £ jtf" 

^ji t j^3' ^Uajjt W**y> «io'^l 

. y^»>^ ‘\*~4 cfi f V 

( J 7 —>»:—J k_j,_y* AP^>xf Weber oiJ 

yrt i>i iaUJi 4 mwJ' 01 ^ia» ^UiV» y # %U ^o>^Jl l^L- 
lOU^I Ibjt iib . 4yJ> ^4^' (_y* i fjLitf 

9jy*i' ^-»Uartfl «J1 t»\i A r ~k yf **T y 


T . ^ 



I )JLa (j- wjjJ I , i Uaj J -u^LJ 

( <iJJi J jLwii ^ j>* J 5'—J' 0 >b J Sj yiJ' J^k 1 

iiL-. J*a* JJ _P^ <>*-*- Jr* ^'j^ 1 j~*i 0& 
t-ilii*’' j} . UaJpU j*Cj L»$o i«l»__ r ^3' <>^ji' Ujcpj <C-a^ 

. iJlsiil <>_jU oli^b j jli U-Lp Tj^-w T^.1 jou i»—J* a>-^L' 
oL»j>- i«oji ^ ii]<L» j>- a >^ A oli^Vli 

(jri iJUlJt ^U jM Ujcpj . VO 5 ylj ^Jp iJ j* 

w »fajeuib ^Jp Ol>-j j)' Js-\^yA 01* ^ 1 »JL» 

, Jj^/1 jLJl JUUdi' Jaji)\ ^Jp 
) J*^ ioJ' OU_^UI' eJlft £ > ^ tJ JL; V <jlS" 
ja jjj ^Jmi^I oil . ^_j jl^sL ^-L-ty y-T^il p4> 

^aill jj L* U Jei rj'^Uf' <-*> ti'j>- If^L:’j' f 

otjjiJi jjp i*js"^* i_kZ~* u#j ^'os' Aj*yiJ l j 

<>1 ^U .*V' jS’ <JUi!l L*o*p . ^ j iJl (^Ip ^<T...l 1 jLiU ^>**as. 

tiUa'j V'j 3 ^ <j**1 J V s*^ Lf-i j£o^j 

if\ij^ O'jU o'j^L)' -J ^*'j?*-' J 

4l!sJ j 4jLm 1) Tla....,^ jLf>J( jJL* , o' ^So 

jl^JI j*^ r ,j ^yi iiU» wftw,^ l^..... « oLamI' ip 

OLi^*M ^Jp ^Jili Oj£—- 4> u £ili j,p ^ iJlp j*ishA* *Uj 

U jU 'ili . SJL»- «j^Jk' 

• • jt * • j^' jjU*L! ^ jUJb ilil?- Ojl 1 Tu* 

»Uj ^Jp *jJ' ^ j viJli £r*>" 0} 

^r;^' £r*^" v*^ ^ jVp- 


T • V 




JUll J;-- jjp c*l jM oM iijlaJI jliJl 

^ ^Uii dull* 01s - if jj . Jja w —uji 

* (J^ cr*^ 1 vj^" tint* jis" ^ -iii 

UJLp ^-jU-a' 1 aJL* ^_.'.<f j £-Uii>l J \ij . 

, Cm <iL< L-^La^" Jl>-lj ^ ^1-ij ( j-iLl£w» ^J>w*l 






J* ? j <j&' U> , ij-ul «li-t L,U- r i*4* .uJI J; Jk j tiJLt 

jt j\ il^|l Jtj Jjtyl |*J J* X-* w>lj Ji«jl *>t ft ? jl JJ ki> 

jUjj j *.j wU 1JjT *iJSH j* t»l ijirf iB-iJ t-i 

Ijj *5| jt ,iii bjr JL 


1 I—f jj£K i*_i» 


t • r 



o4> ^iil jp Ja'-Jj Lc j 

-Ujj >■ jt ^ ilJi J t—.-Ji oj. io«*a!i <i^3i oij 

j £l ^lAiii^u *aJI j _/jjj 0lT . 4iiif Jo i.—-Jj sjj-a 

jlS*I iSli.1 ji* J <*ut o>UU 

4j 4£ jVi f>;^' Sl^k-»i 

c^JJt juyi j( jw: ^rij^' 'aa ^-v ^ 

<Jl£*l dMU ol* » <±4 V ^kll tiUij 4 1*Jp j5L- ; 
oat 4 £S t ^1 ap*^-u jf^ ijujl lJu J ^y-i 

Ota Ujj *Wm! 1 jljj UjUp 1^ 1 p Olj_^Ul 

• j>- |i J »-taUJl ^UAVl 0»lA£5"*I ^ i*>-lj 

. j0 /& Itii i^iy^ ^*U y ^1 a£w*U £ita*j 

~^*^i jr* ij L^»4p*S ^apIa* t Lu>- 4 ^j ^Aic-4 

SO* L.T . S.L-UII oljUVl U^f J^- Otaj 0>jT J ^Vlj 

oJt j4 J^t c-UjsJ jo 5jU CJI& jjl OljUVl 

*l<^y 4 i* i4 l4J^ 4>^ ^j»*^tll jP oAJ^llI OljIA^U i-Uil 

J» 1 /- V** 1 Jy ur* av-4 OriV A yj ^* , J J 4 s? 

jt StaLa. OJi jJ*\ <&j SJ\ill *,ii jjUAj V ^w*j 
Aj Jll 4«jU“t J ^»Jj ji»-V Aij , Cn* Ii4o jy aA^I j ijA 04*i 
£jla"0 4# j Lp^- 4 Ol 0*^C jl u>l^ w»U> U*ail 

Wii ^ yrj ^JoC^U u^jti ^ 

ut. 4s 0 -ua i juyi ^uiji ^ slum »t*^u ^ 

v>iy»t g~fj V* U>J Sjjlj; JyC Jo 4^>>V 

js»t viy» oipi- jjj j ^o# 4 #j. ^j$\ oik'r >u_jt 



J &-T ^ SUOJ! CJlT IjJ U_i ^Jaj (^j)l JalaiJLi Jf- J 

tp'i; j\ ilibb O' Jp ji Ji . >^T #lif' (j SUiil ^ Jpl 

• • jT./ H 5 ^ t/ 4 ^ <0 

Lajji o' _j*jl j «iiiti^ r oii" i 

— Supernova — JS*p yC-* j' J — Collapsing — 

jJuu — quasar* — iit—• t*ajl Cm. 1 If-*' U 5 ^ . I4J 

aSII*]' j'Jj* 0} . ty**«* £j m >—L* *■ ■^■* L* 

ai j l S' J*[\) iillai' j* jJJl Tiaj? j> j-Lj CjLo-JI J 

j j£~ jl o-U J w j C llili UJi-l Jj . 

<3 j*’ J l)** l*' yr' Ol'«^Li -!a~£ *bl 

^.ii' J >\yll jL^-L 0*Ji ^ “*’1; y*N' *xJ' 

jjj** j~ ,[[ y> ~i> & -isy»Lll ^illa't jljX* j' ^ij J Jju 1 u 5 L*j . jl^>J' 
JiV\ Js.j * yJ yly ^ X* iilJall jlai* LUr* tj^L* 0 j^r** 
jl-Lall \0 a Oli"" '^1 . ^ylOil' 4mZt*jp» w*lylyi' i y* 

to 0l»ia ols L^ajy Or 4 (yt> 4s'Wl 
<j*«> c r i »« "*ty ikT* 3cb5^ Jj*^ 

iJU i ai 01 gb* bit fy ^1 JL yj . y J*l% to?-'j 
l*' . isy*'!' £j"J' 0'ill» vuxj iJU> ^1 Ol Or 4 

<^)1 -> ^ oli 5 J^V* cr 4 to Is tiDj Otf' lij 

jUi» *J*!'u '0 >) . I' >C U ti^a- 

•A w»Vj« «jlf*- 0*^ -U» UJ j 



JaJLj iXj «Ju jl 0^/1 4 CAy\y 

ot nJaHj **1* i\US^ OlT U>| . W»lyly]t y *JLy> ** 'y 
J&O J\jh\ jls^l Ux* 3j„T ii] fay 0'S" j+ij 

Ol Jxai ^31 ii'Ul jlxi. j\ IJu ot ilk y jO^M 

■ Wi 

tTa>* #J-aJI SjU) oli'iiTyi 3 ,jj t ^kju l*>> oj 

jJ j*;^ oljit o iui . /} ^ y 0j& ol Ju>-1 

iv-!> 3 jJ*i c.Uxc ij j J^>\ ^^'Jl oli ^ j* 

L-w-tJ Ijf ^>1 jAI ,j* IX* J yO^ £;5J 

»Ju oi . aLj^c Oj&I Jp JJi jSS"i p l *i aIU- 1 «a* ^ Llw£ ^i!l 

i&ajy Jljj t» i*Ull 4.--J1 ^l{ Lj^5^*Aj Txl j-f- 

Ua ( j!U 01 35 j^-ai *^jL3l <j k *-*^ v 

-tij \jjjli L'JbM kj . Li y 

J>*1 j- ‘ V: Ir 27 lt 51 5 ^ f**“ Ji ,u ^ J+'Z 

4if UjXJ CJtf* kl> . Jta y> ^y jS- ^lalt 0 i US’ ijl 
jl~o ^2^ L«—«jj ^ ^lAjJ» iJ lAjlJLl* 

4,^31 l+J J J& <J^1 j *W~i £ ji-\ Jjjall U Jai tja^aj 

j+i <Jj* ytSLo^- y> 3 ^£jl ^k-n ^ <J*~* ***** Jr* 

j« 4>t i ii «j V oJj Jj?»4Hi Ol 

_jl f-j-^ 0} . (_£«i!^ f-iOlj 

Jj gJS^' J®- ^-P 5 * 4^ 0^* 

«-j^3dl » J^l« faJA Ji* *>}j {)* viJ*^ 

T \ T 



{ y > ** 01 cfc.J * 

U* j. fi WUSsTi ^ 0 * f*}\ J*j t«WWi 

- >jprj Or* lT:^ 

i^-Ji l^b: ^:H ij-Jb^fl t —* i }*£ 4 J^i 4 

•IjjJJl j* ^-;*j *y? V' 1 a* <—r* ^G^" ^ ***'*' 
J,;> . *byi!l #*i* j a *'fr J y? >*** ^ 

-L>-y it jia’Jl *b j»i!l *4^0 Jajy* aj N j 

it jla'JI ^ U 0*-y O' OM' ^J>- S*bU «J_jT i>jlii Sjt tlilUA 

JlUT 4 ^jlLJI J-AflJl (J l>-yO Ui_J . ^!' i'Jl £~»j i*U'l i*--J' 

i«—Jl iu** *1 jT O^b ^1\ i«>*Al kyaJl 4 ^j.aiUiil (U!s J* 

^^nll Ji'-a^l O' ybj ■*] • |»^3' iS y*' <■'^j i»l*l' 

a -» jUi 5 yT (il iUT pj V ^#_>j jU' 

it ^ki itt tO-'LS*" li| L-P i iji j^\i-\ OJl <_J Lj-Aj O-<J j 

ot ^-.Vv -7 i ;r -JI iyia'J'j ^ U JJc-U J iwl»- 

<yj-l ci>l jj . iJU J.t 4 'Ny >ibJt IJL* Jjj; 

ti'Lifj JtliJ-L iiUi*-Vl LJ Jj N i)yia'J' o«i> t—il>- 

r Uj iUH J* L^ £.uJ-I ^1 i'JlSL* JU j objidb 

. 0 j£" 

Or - ■ s ** & J' 1 ? 4^ i'*all jl^' p-»l 01 

0V( -ACb 4 iJy Ol^-fc > - ^ 4l»*L5^ ^11 4 oUw^Jl 

yJbJt Ol j'-Jt J'S>> 0 J w* 0 j^hAj yi jJ*a «Lil . 

4-A-jUad' j £' l*' ,<i * OUmiJI tO» M J../C ^ 


r\r 



jU ; CJl£i SU3 ^J o^Up 

«a A 01 £jS»1 fl—* ( Murray Gell man ) 

< quark ♦ iJjl £ IaIA^*I *Uj ^y ii!j^ OU^—>J 1 

jT y ^Jt ^Jp UkaJl *aA Tjjf 'JL-i *a» i><-i ^jCj 

jSsI j f 0j41-0 oIopUx* ^ Aky*lil e> 1 «... -* iJl ol>ti 
lz—• £ j&j f rM ji s" f/t * '■—*15"' jij^Ji # 

n ~ a jrf A Ji*r \^M ^Lp (J 

* O^j (J^^ 1 J* 

kOjOl i—jL*» -la — tj ( J.C. HUang and Tw Edwards ) 
SjL*»J oljljiy^ll 4lU* 5JL»C fl Ol5*j1y^Jl S ^jfP 

4^*1 J # OlT>!# Ala*-^* 4 ; )l&d 04* iS _/►*' 

-_* -*^" 1 *Ajw i 4>ti* ^J*Uj tiJii U^5" Jj j _j ^/1 tSj** 

itUyj 4*JJiy y>j^l J* Ailiifl JJ jr—iJt Jp pyXil 
. cj-Ul ^ ^yO*Al 

l^A y a yrj KJf j*\ \Ly- T-b- tU.-* U^-J 'A-!' 0 ^* 

Vy« y> 1*5” t yjj t/ LA iAijll « quarks * *UJ1 ^Jai <J L y^J 
Ijjy SajOP Oly J> ,JtJJl J*jlasi* Ols^y Jl_ji »1 jjp UJLj IjJLj 

J*^i iSb ^ *U**-> la* ^Xi!i J»L 

i'a-#ly j . <J| 4«—JL i*ijdl l^*#l y ^ oUali 

SyLall i»ylaiJl i> jli* j t *■ ***y{ 01 ^all ^^vaAl! 

«a* J yi ^L;yVl 0^ laJcpI 3 CI 9 I <y* 

y> ys^i\ j£- |J »1 I ol lyiy Ulc"UjT U -J t \.^8 t AJU-i 

isry Jyl» ^ 4--^ >f* ^1 y^Vl Ul • ,f \ j^ af 



^ jA~ ■ « quarks » J JLaii j—e- i>*ji 

— quasar — j' jt 1 _''yil J oU)4>Jl y*-Vt y£- i*y 

* iijyU CjI yU ^1 £*y (j* Is^y ^ 

JJ 4j fLi!i ^,0 J**Jl l^-J" ' J^i dUUft jli iy-j* a JJ^iJ 

••** J ! - •/’ . aj"" U!l j* *>■ j-i iA ^yysit la* Ji* J 

^.^5! U jiLoil j*Jb!l j 4ja>-^lU 

^-/- J-f jli JlsLl J ;r , J*j iil*o ysUi. *J jj\l It li* . i.U)l 

^ 4AJ ^ J ^ yOl! jjp-lall ^ ^yll 

^.ip j ia^sj 4_,u*!i *i*^i^ji jii ju)ijj ^jisL. v^; 

jli I iyLi . p^JI i ! Jlis^ jJp 4jy sj^dU -Uaw d 

jj : lT 1*1 _ quasar - jljl/li ^ ly> ^ jL^I ^ 
iUL^y ^jJU C*li *, jU r VI lj* Ji» jp *Mo if U SilJall «o* 
i—*-LU ^*«£j . — Baryons — t^Uy jUI *Li yJ t r ^f 

w. ; f i»UJl ^y ^15" y-yio il»Li i>^iii <JI 

jli illi ^*_j UJ i*~JL Li«lp viUj jlJ j L»j Laijxj V 

. ilb J y iijilLl jjr *ljNl y* f*UJl j^aill 





<*> : jj ^j>' Ji <j^ ! p> J £3^' gM 1 0* WlaJ 
^3 *j ^*) . * a *»~0 oUijL* i>*>-ty <j 4 UIU* cN_/ L*j obJl iJlJLi 
JjUtJb 1JL* j' • <^-*1—jUii *»l> <j**t ^<J} 

i*USl ^w-Jl ~L»- y J jp- jjil—Jl ^.Aflil (j JlA} 
*1*0 Lip L- *ltfU jl# u^<!) r *P J **J]i jp ^1 
^yl <jlfs£ ii^waJ' u,' : i’l^L»j 4»U)l 4^,0' ^ 4*>U!i ^P 

^1 ^L» lkL« . iUli J^. Jji l*L*» 

£j 4 OU 5jl^j ; i-WU jixil Jp yjJ £-1 ^1 tfJli J 

^y*’ i» ^--O L^j <J»iT lu** 

. ^d'JlC-jiJUSlI 


Vfi ‘ 

,/ y^uLi *m*\ 
. <4*0 **>? 



MV 


<*j*i ^ u: 7 '* Ozi ^ wVj'^J.1 j* Ol 

A— J+& LL'o w ! jjl5v ; ^j . j^UiSl quantizing 4-*^; 

i ; ^;ilj 0^*7 Ui"* Ul*! 1 ®jjbj . i j»- U \f> y> k.ij£ jAJ 

S^-— J AJ J*> i *■ ^1 , : (j) it Uj* y>- ^yap^k'j 

^ ^lj^*.)Lj C«\l& 53) jA i Cj\ j^JCi lV ^*y CT^" ^ 
.3 y£ 5**i At^Ji'Jl Ol*i y ^*1 sJa . iS y"' Ob^Aai 

^'■1 “5)yia!l ji . ij J)U*Nl JAA* aJ-^aJI aUj -j 

^5 <JL.>15" i—a*i* J « Schrodinger » Ud*y>l 

i jJ> \j—~>j j] . JyUll y_ jHj a—^ 0!j 
Ijjj . 5Tj'ii4 J Ja\ Cdi CiU-^1 tOy£) jl J^'aJI 

UjJ£ S^iu-U ujU-^11 J)jJ»I jli <t ; :jil r Mf" j Ja^Sl C-J 
OU Ij^Uj . ijyjll ONNl £*-«>>■ < 3 *^ ^ 7 * ^»AAj * Ja* 1 **^ 

j“ a^Sjjj t-Afr -^ - > J^*A£^i!) j* ^ (_5 A*Wl 5)^iai 

a-A* . a'„a* 3 jJ. yiU* Cj d,)U! iay^zS'j • ,j* ^<JtW 

. 4*l>4*L«i« ji CjIjIjSa'^/ y\ < y« .- ^at7 yjUtll 

. t^ajl ^15 cjl ^Jt 

^ ^,*^7 5 ^-Jl Uj^ j] i-U 3 jysO; Jyli ot j 

J* aj^'JI 1^- Lui ^dl t^y^j aj-aJaj ^^3*3 * 

5a*^jLl j -AjJitJt 1 J.a lyuj , 5,**aT" w .»*U» L» ^1 
^ w»L*y Jr'r^ Wt* 5la>Jll 

jd) *AaJ . l^Jl a irt.*j ajIax^VL Tyj 

>1 tj J:^ 1 ,iiA t^yr' Jf *k*\j> f+k* 01 j^£ 

a) 1^ ^ i A»L*^ O^/ t ^» X w—^ ^<1^11 Aj^la) 


T 1 A 



Lli ( harmoric ^ ) uT^J^ 

. ^Ci l j£ : * £■-V.* «':>»* J J* Lfcj'yr' f Xi j* 

JdJ-lT t JlU ou^i J* ; L • iiJt* 

»U.^a Nl U.« (j rfc ^ a *d 

js'> T ur*- 4 f oO i/ iy jU 3 ^5Jl ^ t* . Superposition 

J; 7 ^ 1 ^ S ji!Ui* Jl V p jl ^ j U j{>>srr ' *“J ^ 

J:£]l Jc a-ii r j ^ j* / 0* 

L’J Ti'll:* j'i a.Ul a««'JI J L*' • _y : jj <S 

V UJkjjl’ jli aiitf atT Jp OUkf y>* U4 **p ail y»j 

l‘*j . aiLXI It,-i iilUa jlj y&l Lj-^jb c^J^i 

iyy-'Jl jl j_.»- J aj*si aj^ V-J>jj J yv L-Uf» i-Lali L 

aJaXl i>l> ^'Jl j|j . i)Ur C«J LL1I 

jj- Ob^Ji'Jl Jc- IfiJaT aJl£»l j tiJUJl aJL~» Lo 1 ^ 3 jj-aj 

. UaXl 

a*«&H 4j*;^l» ^JaT ^ A>J^ i ^w» <iDU* jli U-f> j 

a^;H ^ ap ( ^a : »L-»l oi ^lidl JiXL > _ # ~o Li . i*Wl iL^Jl ^ 
i _ r ^lj . *-Lii!l ^5 3a;Oj*- a^Ld a>^iaj T*jpp> aLu£ <*L)I 

^5 OjUai ^oJI ^yJI j. ^Jl a*L*dl J^3>J] jlSL i-a:Xl «Xa j 
ji iU-Xl J^UI j^dl J-UiJI jt ^Jl iUlC. 
aij£l aijiuall o-U j ^iXi 3-L>*jJI aii^kil <1)J . J^aXL 

♦ 4 Jd'V^ 'da 3a>l LmJ C—J j O'Uw-oJl ^Jic Jji; 

d> a«Wl a :r _'Jl a«*& jj (JM|> (J£c*li y dJjU> iS& aiJ 

. <i)Vl j> __ A) ^ al^Jj Lip 


T M 



yJ ia’ii** o^*l <s> J jUdt jJj~ bf 

i L*«* iJs- *1 / iJJJL! .-.wyj j -Ui j , U-*^J .irti ^yUl 

|Ja«> bl i»-M P. A. M. Dirak iil^>-Aj j 'S' <Jj^fl J\ J| 
Ot_yur—<.US’* <^y- jju 5*-*U^f1 iJljj-a'I C-jlydI 

j* * J„^ ; o* ^ -V. oUlyJI y ^ly!t jl 

jwlj>-y< J,*>- c„) j ivi dike t <£Jliit CmI yjl 

ijiUJi ^ik'il 4+*rj iil j)i -u.^1 4JU . iUjl <JjAi sL*jl y!t «Jl> 
i+fjL ^-J* J^-r j £yJt lj* j* iUpVl jt» i'JUJlj L U^J 
<TjU -L^j ji 'U-j'J ill jii ^ 4 * M> *^*i laJk^j j >*p ol 

• *tj'% ^^ o* jAiJ« ** Jf ^ *-*^3 

iiljO .A^j . jit l l^lT jIjp'VI ^ if- j*j£ Oil^j 

. * U g>JX I aUp^ll «i> j* diii Jbw 



j yJ:.J jjr& jfl 
Dr.R.A. Lyttelton 


— ^jl> u->lyJ.1 apLJ ip j* tilb fj* ) 

ik->1y <CP yu jt C-iliJl la* j] -Hubbr* Constanc - 
;0j£ll yptjlp a4*Jl OjWI la* . L-* j i«*J» y-l C*jlj 
ip»«ij. £*y l*y O^^ll (jail y*JI tiJla ij M J 

jai ail . ( j,i* CoU j'i- ^J\ J aII > o j* J fi j\>- oi aa 

t i'** 0j*b T* * * yj ^ 

f \jjf* UT j+sA 1 la* 0l . J-!Jj y JpI iJU-l wlyaidl 

*byill ^ < *>U"~,« y jl! &y~^ J *iUU* J&j . yaJb a jjJ& 

Oj^^iyi i>*-i f ^15** bti , -ojili a-*i_jilb iJ^ia iJfji&j ijjOJt 
L* j Jiff --; j'-AiW Oli +J*ai ' ipy" y* J ii J 

a 

ja«Jl jli »a»jll «a* iWa> 0j$3l yp y HIi| la^U j . Ia»- 
yu j <-">* y *a*Jl la* OlS"* llj . l jj£ bap ^Llb ojs*** ^jUI 
c.*ai%aO ljli <~-U ^ i«ai%*—U oia*-^!l Jp V c«.j Oli 

_^Jp L i li a»ly—Jl j O! jifcj:aJI y Va ^ plaity 

Oyy jl *af Jpj ~^l j ‘ *' * s5J l -d p^J yj *-r ,t yJ' j-* 

Sy *' \ * t i!Lilli Sy 0^ <aJ»- y iilyJ < ji*J ail tyi-wo 

1 0_^!l *L*1 p Oli ti!lj y ySHj * 4’0*l—II Sy y 

* * \ * jJ*)I Qj* y* 1 *^p j a * \» O^^ll ^ oI^w-ijkJI jap 
ila^i a»L.L» tis*- •—iy 0] 

Il^Ujl i *-i #y*J.I ^ ylt j^fcl i--J j HiUyif jap j «y»p t 0 j^ll 
. *a* <yL.l ^y-\ ,ol**- iil^y (jail . tk--^ 

(^l j (■■■■>■ ^ <y^Jo SjyAi iU*U-l ija«# ^AJI yjliil 0] 
jT a»-l^l aj j y O^r jt Uli: t-Olapt i?5C y a»-l j y*p illyj 

TT 1 



£jA 4jJ JA <J jj}\ C*U»-1^lj J J** <J J JA 

U [j '5t* -1>-I <Jj *1)1 tJ} J -—> jl <-j£ <JJ <*.'51; L» ^ 
ALo^ff *£i tf-ll* iUU* *1)] . >li» tj~l ^ 'j* 

U-Lzll V CUi <1)1* j oPPJ' 0* 

fjj . il^Adl t_*Lo»Sl flj* 

iiiljjj Ifli^- Ajj-Ull doLall (J| OjjP T jlCI -U# aa Js^ 

\\T\ j^> ti*i!' — Stewart — Cj j\^a Jlill J*-- J* 

Ol—wLall Jj —>■ Physical Review <'*■ » ^ a1*>-^L* 

J j\?~ ^0*1 J jt OlT iit^y . tiiT oli/'i L. <j^' 

y OUiUall ajJbhdljj i OlwLall o-U r-yil <J^i ^ 

—> A.-.J <l)lUj jA OU^*Jl jj^il j*& <1)1 ^ 

Jp <jlj __>■ ju>j <)liill Coll* , U^i Wjj-flJl Co'jll' 

. l) (j's** <1)1 til 1 Cjj!| 

^ciii tjjf ToiT Jj5l!i ^ j> Coi^iJi Jd j^ ot 
u^Sl kk> j* LjL.; jl oljjl—j <l)t l*U jlObjUJl L*l . 

Jldjfl Ajj U Jj^/ 1 Ca.^ail Col y Oj . ^ <1)1 •!•£*> 

. j* V l|-^f ta* C-**>- «A# 

<it jl j iUtf* o ^ J*AaJl 

j^11 tjfO y -U^t aii ^^^V ^U- ja I^pUp -li 

aJ>\ j&\ g*j J i.UH CJl <j^ (^ <ao^slt ^^Ld) I|»lA* 

; ^5 »l)j5lJl ColyJl ^UipI 

l^>jCL* <jjUjr OlkjT-I p» <j^J^ ^1 


rrr 



oU£3l J y Ja ; -j ,j* '- ) i • V J <_/* 

J1 ( 5-1^1^ o'j <j* ^** A Jj*v S^Uil 

^ji.y-1 jjS^it jl tiJJS -Uj ^a’l * (J* 

0^ i.Jl^'l Jjb *^~»Ij a+*j Jl^ a* .*' AAtyn l* wJj y 

%• jifliUJ <w^LS^ ^.**11 J I*Ja j} . 

Jl y>\/j\*' tiJli J^all y ‘ A ^*J 

*• iijUUj f\r*'' J , 0-L«>* >-l'Ll*J* 

. jVI jdl 

3 j~f J S' Li^ y ^LjC j' o)l\ y 

-' "'j£ 1 ■ 5 /*z~* 50^1 j tjii jrtfl J* p4i? l+^Jj 

• J ^**£ y Ui*A£ (jd*^^ ^jl-lall Oj& L* 

^1 y\ U-l^y iljUJt *-b^-flJl ij-Uu V w*-J J* 4 

. \j~£ i»-*>i wjb jwVJ 'il 4‘^_>- >_,—.J' cfi**) Oj£& j*b 

«■’.; j.; I* ja'J- 3',^>'i 4 jju> ^Ul —Ji r^ 4 

J jAA~* ^Ul jj»*-* 0] • “Vj*^- y £U l«L» *&->■ . Oj£M J 

j-5"" bl j . la 44>^\* » i^»bi oMMj ob iJL#iJ-i o* j* 

Ijb" ^V«dJl la ll»Uji ii <JU iy * 0U li/'Ji$" 

. ^la <JI ^Lil ^3 y 

*< Jordan’s Tiheory » Ob >• a—£ i til <^u— 

Jb jyr «—jf »uJ . ^d^* <J* ^tV l^pl*a» ^1' 

j dJLii &\fy j4^ W*U 0yii 4.K*’ t*JO w>Uy-aai' ^^0*0 

jiipl . laic ailli^a ^kju ^^5 j o lill <3U-t yij^ '_ , ^ - 


rtr 



- Olbers paradox - *i jU* jJ i j^oj j jta jfr 

4 —i jli* jl—i a {j . L>»> *Udjt)l jt ^iOUj 

•lit dJli A* Obj^ . ijl •t^b U ^ ^ 

au£ i!W ^ jl* SAjApJI 4^11 jl J>\yil ; &li iiSOl Still 

<—-> (^dJI SUaJl iljjjl jl* ii^l ftAf-j . dJIS AiC jpyicJj iil^sll 

a*p1 Aa) . J^-Jl UUI Ajm ol&l SlUb jAiy- ilr&l jUj jl 

jr* iArf. jU*il ^p <Jl Objj^- 

tj jL^t 3A»-I j o jA jl Aj *i/ I A* ^j* Ij'jj^il jl (Jl 

oi jls^x’i Ja*-* j^/1 Jiu j i jjjj £* jj £* ySi 'a* j| . s jT ^ 

jr* SA>-Ij 5 jA t JJUi jtf pipty aAj^JI 

. a‘-a r j** V A*p J\ ^a jLil A}j]a$\ «Aa jU j\ Ji ^J^-l 

ojl—Vl j/Aj ^UlS*" ^ iA* C-jljiU Jf j j] 

^UaaVI ^ jjil 1 jA# aJbtiS"" jl jJJi ^ Eddington jyibl <^1 

aJ Jy}\ ^^l*JI £~s jl iijjl , TiL- ^SJ; C->15"* l£ ^b^fl *ap ^ 
o^iaj j] . . T.*i* <_»1* Aa jl& jl JImIm* Tjl5*" ijUJI jjt> 

j^5s3 jl L|> y V*V VC—J 

. ^ J* 4 ij&Jt 1 a** ^ ■■■■*■ *^J5^ 

ij *^ 4*0JI <—a)U j j.lUl 4jb^ 4 1 f^ AaJ 

<«U)i Qi j l ijjiaJl -iflj»M.>7 ^1j jlS"* Aa.1 . 5 Jr**? 

^aH lu> ^9 1*aip ^J^Vl *U*J1 ^ 

jrj-w J^p JjT i l1 i jl^j >^Yt ^Ip i 4 --*mJ 1 ij-^ljJ' » 

lAil U* J^mPaJI ^ ^j-J^jVI ol)l^ ijjJtd' <j 

T T * 





Ja$\ ^ iiji» jlftU 

tj ijj kjl *lu j* oi! , iiJL'ijl iijjiJl Jff- 1. iia^-Slb 

If-* ^sJ «>^ia5~ . -Uj UJ ii,^j if^l j*j i*UJl 

^!l j^Ull j* ji»cJJ A^jf dte ^j \j£, *i^ 1 



J. ^ j* XU 4 u JjJI JiLi^TI j- jjil iJ^-5^. y/l i»-jJIt 

•£»Uj#jjJI jIjI ijli^S"I V jl^- L»U*J *» j **—‘ ‘•^’Li. j . +- Jif yj) il»Lil j 
ojj£iy\ iLd" j. ^>1 olj i- jj-UI ^»L_—»Jl jl 4 } £-"l j 

< i Hsj ^j\jjjjjJ\ o*i £j\ijS jj> jjSo jt 0^ ■ t j r Lu 

y oL^Ji »i* CjL. Jlij . Jr 
J ;->i—iJ.< 


yJl iJjU-JJ j$\* JJij <—;b£)l IJla jlj juj 

ij^UJI t<U v— jl J jjy^)Vt 

j£i 4^1 j iil^ joJ a^-JL u*# y» dJli . i*<*l**!l 


\ • —f j jSjl 


T T • 





iUT Salp] J U oLidi 0^ d* jL& 

li^ji Jtt UJU-1 Jj . Jybbt ^i!i £y)l j* C _J ibUll 

J-* l; 5 «j J-pc-U j* t!jl , Suj j>* i^\ij 4jjj ^as<u-l Ji 

^•a!I jyAjjt Jp- aJI j J TjlI ^JU 

jyA-O* j y kift! . 4»by»lJ ijlJb **»*£$* Tjl jA «£ JL Jji 

V^J j—ilt Jp J y*i-\ Jr' J- (j £- 

, ^4«pi j'S' u itaui ou*b jJi ^aj 

J| «^li -A* iil jii bbaJ J £A y!l jl Jji JUi jy*j,»T J^-J 
i--Jl #JL* jjy^M iliT JJ ibS” b-i U^^1 Tur 3^jf 

S!a-I* . uybbl j . \AH A>u* CJI& Ljyf c—J ^il 
^y-b U jp$}\ iJ-^U flij^l y j . ^iA <lJl& . Jai J»*r 
J» jlaimli iiJjjl <.J\ j? jt jc ,it ^ »a»c~j ^a!l ibiall iyjl c*b 

\rv o-iry C-ibil lJU Oy*jy « r -~?- *J*J» 0 

J«\rv,*r^ ;>jU* w .Ua*‘ ^jy^i ^uji jl ^ ^ 

• f ^°*^* Os* ^jW^{ 

<—■*'—>■ y i jll OljyaJl ^y jlpy jVl 

ybi t*y l ^ 015"* O—*- ^yJ' lJU ^ ji-u-ty 
yt *bjl J *J jl^ Jb-bi 4liil J| J»l—^ £»* j5l jl# oij . 

0^1j ‘ * *-Jb yiM j j— J y» Jii>yiJal (_H^ 0 a-J* 

Oiy—Jl lat . Ob Lib Vl ^T^"- * U~^Vl ( jP —Ll y»*Al 

UUii -Lb ; \Mo \^To ^\p jj, U t aJU- j» i _yjJl 
^*AaJ 4>jil ^IbVl y ' A y* jj Ic 


T T\ 



U . u oJLi cjyy p-il' j-j u JiirVi 

i'JU TalupT O^yUJal ai] . k, i 1 —*iJ! j-U:j g*j ^ Oy*Ja' 
0^£> jt 1*jl t»lx i«J of (J# 1 Coljdl ^ 

jS*i\ ytyl til oLT oiJ , o-Lit X! y*%* gJls> <-s jUad) 

• **J 9 J ^ 0* J 

* * * 

jl£j <, Lie fowl* j^iubl 0l£* k,) j£}\ V"^ O' 

^ Oj^'l 01 (Jf ^j^t 

. ijla*oVI ^Wit*iT iit^- I*ji p**tj^\ iJLa OL gjU^i a>a^ ^ <«L*li 
J* <Jkiyi f i |j «jli*)/ li* 0] 

. 0j4j*. j. i^Jai #L> iJjte (J* 0yiJal jlj J*^ 

^o!l i*-* Ot£*^b 0^ ^j-1' Ll»- ^A.J j 

. a»>b»» * ji* ^Ao^ail A—ilj-lJl 0^ jjXljl 6jjiAi 

■J**' ^ 01 ^ Ljl^ i*J!“ Ol/JAV* W*b ij^JI fl-i* 

OtTj j-Xyt j . Ol-Liu 1*1 OTTi J 

iw.aJb LajI o'y? <UjO f U^U- 

i^Ju» a-^* i)i ii<jl V 0l^*yii *U) |1 

Li#t J^i> 01 Vj * ijli£il O U t^ia jT0w>: 

. i^,'.u a_Lu* <j jaj> ijsi luo? 01 sLii ot 

jjf £3 ^hiSa J L4 ! >■ ill—« J} aLiVl iiil'll ai> 

^ Li ^DU!I y <]Lil *u> . o j£>\ ^j'jS\ Jbf ^acU 

• * tS/^^/L jt ^ U*l4^l ^V^yJa; JjJLl# 


TTV 



- Cirt*^ CrP* 1 * jo b jijfc * (J*^ 

jo L* // j£c i_XS" Ot ^kuJ li>li i]L-ll ai> U^> bj 
lJa* 9 j jljfil ^ Jjl LijJJ Oj£j il->7 p^l) iiJl 5 v**j i«UJl <^1 

vs >i ou jut ^ ii)i oii ^wl,, j£f o/ai <-»iT 

io li^ il 10» \ y J&} Lj-J} /f 0O L 0} 

*>/S ^ Ja^Ji \a\ . 1 j>/l '/ t j; sf /”t iSJJ-1 j 

Ob ^ olill i'U-1 ij/> j& ^ '>1 4 >l oll!t IJU-I 
aJU jjill jjl /' jJc 3 i—*/ ^U) V UJ^ ail 0/c*- o/H 

iiJIi ail*} J \y *0 il dUL> C-.J J 0j£li #-l>-j* j.j 
( j /" 1 (J***'! OVi 4 i^% 0 »JI j£ij V J’Afll' l«ii 
jj . V it»ls!t *IUO *<> Jai i>»o» lob/I *-1 j> . ibli *>/ 

■— I wIjI Jojl J ^S#Vl lJUk <*S yAj^» t*l ~Jxa£-\ JjU aao^-1 

, - 0 b Otj ^Jl J> U l-jt j* / / 

£*l ij-u ut j\ . ;uii i/i J* ilb-^ll ^Jla / 

•Jk^l< ibli ij/i j ,/!/I /iaii.1 j*i . iuLi aj/u j* 
b| L»l . I4& yj ^c. bJ l i_a jo U ^»jhJ 1 ^I tt iJ 

9 U* jo U // 4ll«»« Ob #4^1 j < 0 j* j£ \ sl^S' 

. 1^4*^ 1 ja\ Jju iUlO< ij Jiaj *i Js»t V Ob/ull 

^1 . 4 *Ia «^0b Oj?^b^j iiiwbjiiv JjUoj 
4 Ojl/I • iS :< ^**'{ 4A> Ji> A)A»l4lll »l)Jo)Jl ^ j jP j\t£j 

jlty J -o-^ ^.-o 01 J&. u j* Or* 

/Jl ^ l» Jb» £>\jJu . ^ 4 jJ»J 

. O/Jl ^ ialll i*/ J 


TT A 



j *jtj* *j! ^ ^-Lj l S' t Jfci j »a* ^jl uu^jj v 
J* <j* j 1, ■**• ,/♦& jUa^L l* <j ^'"A Jt-i 

Oj^JL » L—-» Ip) . h?L j> j» j* <_^i>cJI jup * jit A; (J*c> 

R A Ly-ttel-ton and Bondi i j y~$j tjPi/lfo 

iiL»t Ly Sj^saj jji'sJ (ji5"j 4 ^*\* i*ial^ 

\jo*\j £j>- till : Jb!l JljJl ^yJ» *tfj ' ^ 

L S LA Ujj . I ^Ju J* CJl|X7 j! \+‘-» £jij AJiliS <b5" ^ SOJU 

<>«,*^ »yil\ oJU* ^ yj SJjU* jiLU oji illb* jl ji 

, SU»-lj Sjlil LA 'jjt » jk Jl y£- *jli ^*A 

j^1! ^ iJL^I i>%£jl j- T^-T TjOi i'-i % JJJLa jl 
. '^*V>jyjj OUy Jjt y iihy ^l#o UT* oilll j^f 

jjb < j^j A)*AVm OL-^ ^la51j £*\Sjji *11 0J 
jl-U.4 ( j*Ji i lA J K^ry j yjj}\ ^ <>i-l!l O^f t*l/ J -U j i y y- s i I 
OUj7j^Jl J* OU>w3l jl 4 !^ . jjAJLJI 

OlijObaxiJI j?f 

jlf-lAu La jJ Jj&\ jl Ja JJ-dl f*u> 

» ijlll ^ *UJ1 ^iai ££*<^7 Lj yA tJU; ti.UA ( j£j j t*U 

j jr &\ 4jU,dl 1A* gyJl ^ j* ^ «iUic 0^ y>^ 

^-C jt OoL^/l Olw-3»Jl jl JjAJL i LSLp- 1 tiDA < y> ^juj 
g!r~i jUu t!Jb» ^k)L . £Aj/X\ j* t>>us Tyj l^l 4^ 
IA| Lit ^.Ui lu£l j . jl^.Liu i^i yi £ i^l j| J jii jl 4«i 


T T ^ 



-Ijj*-.* loli l) * Jp ,c i^ c£^ ^j*" 1 ^ l 

j£^/ L^J . U^ jjyl' ijla£!' A ; i If jjoli j/*cJi jj>j 
lui lij Lit «i!*i ^ju Vj . «4Jl j* ( y^-* ■*>■ J>| 
j» +j?r jUic *>Lt^ j]f If j ; fa y a/ ji ib£l) iaJi 
«y.J3l ^ UJ;> ^j'iS'4.1 dA!b* jli *1 ^ilJj 

. '-iiU j JjJH Jj 


y/K uL^i iiu- ^ ji) ;!>>- J aUi ji 

y iijlif 1*1/ Ul'iw ( 

^ lo4) j] w<y-ill ij V*“^ li V: 1 -^ 1 j' 

jlf Uli * u^WU ji'> i'J 1 ^ 

Ul4fL-*l U lil /j) jli l*lf ^ r Lii* 

i»U* » i*lt k y-b* '-jjji» ii!ii j 

jli J j£N\ jiT bi ui . s jj* Uf J up * Jiju^i 

. ^£>C~a jli AJ <L*ty*J j J J-A, y^Ub-* 


Jj Jl jJU 

Vjflljitf'jlfil J J* 
OU-I i ^ j* K Ojkj ^ 
jUbi^l '*i>' J* jt iadl 
;>ai y ^ 01 ^*1 

jjXJ ^ L«iki<. ; Uk -i * jiz .ill 

oljk. ^ 4*31 ;*> J^ 
i-L* V ^ *</£* jUjSbU 
tsf U j i -o jy* y j O' 
. -yll ,> ~i> O’V' 





t*lc tijL~* 0 y ***■■“' jlT lij l 4 , «< V«J>- liiltp l)} 

J *-y 'll *jt 0 y^ Jam'll JLSi . iijii-t ijj jjjl-Ail 
<y** ^ *1^-1 *-U c^ <1>1 ■ Jj»- £*1* jl*y tUJl> 

tW*J) £^l>- <it <^t jjAS Ot £ *JU- ^ ftljtj ^-Ut 01*^Jl 
'll byjjl I Jp jt JyLdj ifJij ^ y*\ t^ldt j ^.j^' 

^ 4ji iJJi jp ^SJj 0j>^JVl Jp talc jj^Wj <^jU* 

^i|U: 4JL1II 41 -n.lJI <J AfO Jb»-Iy 5 <!)t Jb M Si Hi *Jj 2 <w *jAai 
. Oli yjjl\ QI'.KmJ talc JjUi 'll Otjul^li jt (■..;—{ 
t jp Oij TytJ i^,;-.;^ lSjp i£**>-\ jloi« Sit j 01 

. *j> yLill Sji 0 _j1kJ 1 O j iLJj 

Jp t^Ji>-l Sit j jUi* jl S jy*>) J?? -tU 

( J*Lu 0>JI ^Ult £-«yJl ^"Vi 

iiUij jr*^' 1 ^ _>! 1C ^it OlT 4 Jj£)l inity Sylt 

^i\p y t^»lyil 0^ '_ a : ^~ t»-jl«^ 'llli* »j> 0 

^Ip JL* j£jj . ♦ j>a> t iibS^. ■*ja* 0 ^ 

iUJlj ill yf- Ii>«j A -f j^-\ cLiLHLiJl y^ 1 \^*l^ 

Ot-LiSl *-1* C <Jtipl jj^^J'l/I ^jp j yj ^Ji ^Jp &J&?-\yjt 

jVl yX*t . (lilJU ^tk)l ^laJJkVl 1 -\j . *jja^\ s-L* ry 

ijyij ijili _^«p t To>- <Lu*> 5 -iJljII i!)l$j 

• ^ — O 

»,/* t»-l*i jjr^ 0) 

(Of kar kieinl ^.1^" ^ (J| ,_}-<P^t ij^lkJI flj> iyJ. jjlLJ j 

(JJT —* J—J j—• jtf J—► J] ^»j> 


. TT \ 



Hans Alf Ven — 


T jA Jltt V'U ^Ai7 ^ jjj *J*JTj l^S” *Jj^Il JJl-ll 

»L> iJl&*l jlfkl (J \«*in C-«AaI Ail . *-i IT j$Ll* 
l*jt iibi^j |*Jipty <jCf ^Uf iilsifc* 

. i^-Lli; jlt| fj*** olill iJU-l *ijai JP 



i;i i ^jSl J1 ( ^1 ^ jjUJI Jritsll jUJI fj ^ Lj*. J-J U* 
iJ\r lil . ^1 jiiJi jS^ij tfjf JI A.-WI OUJ. c >US 

t»UL xiT j>w. uli SjLiil 2aUI ,y 

UxA j • jU JjUdl ►L*Jl j *J> j* U 

ijLniil i^ULI S4 oj*- (J t *A> ■ > .»;■ < 

• Jut J jtij iJUAc- Ol jla iUlSw |j yw jA J* j 

oir iiu . *uii T>t* ^ ol s^i 

• jlit W»!i tjlit 0jU tijaw* |»y>o > »n 

rrr 




fjj# tjiJ j*- U-j-U *iL ala aa t*-*) -Upj oJ~W* 

wJyu U £• J*tJ J (,£ J L*—»■ ^'j# <^1 Jr 4 " 5 ^ 1 * 

u ( ji i « <^JW ^iUJl jli ^ <L>*lj j Si Loll SillJ Si lib 

. aj\il ^Ja *•!•** 

twyf Si Lil' Sill! Jp jl£c i>j**o!' jj 

J* u-t^ OU-UJl ^ato >f»j ja ^*)\ Jp UA 

JJ & m* r u Jj^V' j*.* ‘jj.ri-L^ 1 

il—Jl' jjjj^l J* Jj*p^-' ,j£^ US' « C.D. Anderson « 

iLSJ-l J ^ iXtf" ujU jj . j*j!l j^* ji^iP JJ 
Si Lai' OU«*JI Jp J«j jj~* t^....; dJJij *1 jJ^V' 
wJiLoJ \iU> jJj Si Lai' j^f SjiUJ' Sill' J jLu« JP TjUnJ 

LjJ jj . JJ j* bjS^i l*J" . iiUaJI Ja TjJj SjJU oa iobJl Sill' 
U-Lj j SjLL i—Jb S J*Li« <-jL jJ5l jjlj£5l jt y> j Lybli? LjSlJ 
^SUm* jA jJiLll 15jl y* J ouaUJ U U^up' U lij UjT O' j;>> J 

'.U 

Si Lai I SiU.' UJ jJ j<X *ijr jp jiu ^ ji 

• 'JP ' ■ — ^P J«-' J tpfi’j jP ^ 3 ~ -’ 

<il_l' aa i r A>\iiA ip J __ r Up pJLvl' A-*r ilol -_ - -;J i_JIaJI J jla> 

j*L ) iloVb »j—I oL» l^..-.-) o*-U>l JUD S~u>-j 4 ?jU> jJJLa Ob 

JJL jli jSsj L^p j . ( oil" DU-' w*LJyiJ tdi j '•!* JJL 

Olil * Jp fJUl' JA 'ijtp »Ji tu UJLaS jol j jjr jli)' 'J* 

it L-L' Lu -_ -'*** V j 1 ' i)t -i>v—J Co« j~m olij 41 m 

ji 'jj Ul ) ll» oy C-*lT l--U p ^juJI Jp uLl-l 'i]j 




■ (X a* J* ( iJ *~J 

y of -Uo^1 -U; '—'I—J-l ftfjf *_^lt L*"*-'"* ijj 

J**U* <J>A' \:, : a W , • J %i li_^j jf ^^.uJ j£j.l 

LJ JU Ij^aj . al— y~£h* S * y^ % *j>Xt ^*j 

^‘jU- Zyrj Leu} ijJs *.lb i j* Jwy Sjj^iJb 

y* «it y» *)T * ^ }\ J*i ( i j^ka ajbu^ - j 

j* *3L5z-i^M ol# 0_jiU o^f. # ^r^J ikU- 

j^ai jf * ^ ^ a l* j JjU j_y UJ ^ JluT, t * r ^jf 

. ^UJl i^liJI l^-U- j-jt j j *\jA\> Ojf-Ujl jUJl y» a jjf 
pJLJl aJU . pJuJl . i-1* jl^OL«l Xp j 

^ ^Ja* U O'jlJU ^ i~—i il 

ailll aL. bijl yaioj -AjJ>- -LcJ tl)^ fcl-lJ V 
ij ^ i_»w? i jj j*a j jl Aijw V ^1 ot)Tj 4)U l>JUa ^ 

. ouh aiu a> ^ jU*)M 








' iUU* Lj LJ *—ii Nty- iiilU* J| 

.U-Ui jt Si tit y iaJ y j j£; jt U;yf (j <^>l>- ^yf 

OU—->JI j-j l* ^Uit ^fcsil ^y’ryi J j% ^ jJiJl *+>r ) 

Silll (J^y^ Jftz* ialll y>- ^Ja*> oli SaLoU OU—->Jlj 

Oljj y jS AJ p JlJtlt jJ*—* (Je- >KJ 1 «JLp j 3 aL*II 

Ojj&yj fj>\ J aUII j yjJ yU JjJlI otjjtfl ) SaUU 
jli A Lil l Ol^A y un*t* AJP ^ ALil' 

**■ j-lJt -Utf- yi^jl iaj-jA -U>0 ^.Dl A Lilt (-lit *ll|j 
Ljj»- tjj „L»*^L jl L ^aWI *-111 y_} Ls*)tai ^t Ji»-^j 3S\a 
jt yi jL*i)t X^ ^*4^11 UL Ji* 

J—ft/ j —• f>A —i i Ja*S anti Stars 5iLi« ^yf U»-y 

^Ja—ty ijdiJ lf*c! Jg**^ ^ tiJULC 

*• LaJ l)^| £y^yll IJL (Jy>- -b jli /A yU UL ^ 

^ j n i.J ici J L Ji!L* d)t t«U L jl>- p y»xJl L 

*Li«it j£. 'joAi y r(J* ^s**^ * 1 ^' 

aALiitoAllly* iii y> OLLiit a-i* jj^-j 5 A Lx* »y£ OJj^I y tijy 
Jjii jl £^ a &*j y ^5' . ^JpUxII JLi^- 1 JJtlLfc 0 y£L-*y 

jt _uT Lb LLj ? 5aU,I y L<J y» A»t iJ&'j* ijj^oi 
<J* J^ft jjt J-ytfj L y^i ^a I I ' jJ^oJ . 5a lit ^ 

Lj^Ut C->IS" IaU — Aurora borealis — ^jkSJI yiiJt 

^jL-< ^Jaalt ytlJt jLl i A Lilt eAtlt ^ <il y* 

Ajllap tsajJ J- 4 *? LjVJt *JL ^ IS . ^U-l 4itnl JuL 


Tr^ 



Ol* h*J>\j jl? ij} ^ V *y* 

^ ^^ i-jb ul . i*iu j- «i> ^ «i* 

• J^V 1 J* JJ* ^ a-y-i ^ M 


Lf^c j SjIU j^£jl jtlL* wJlT U Ii] ^ L* Ul 

JJU)U1 J-I*kdl 4^a^> i^>-j j+t SiUai'l ajIU i y*Ja^i 
If SJWt iikJU ^ Uj^Ut £. iikli ^y. Uj^UI l^j Jplis 
4 ifci^fb liJJj -kj^1 jl jSjT.J . I J+Z-* IpU^I lmmj 

olLJl \jA*a> jl *Lifl]l *^1 (^yi 

objjij j£-i Jp jl t v.^ 7 *> 

-bf j . j tj -1 Lf~'*U‘*j Ult i*J!>t jJp l^iL* j 

Li ijj^S iiLJt (J^aflll ^ UkUjL>b J-y»jjl j jb jl ^jjf 

£A li jl* OljliV' «JL* jljjt* jlT IjI U-J iiJUJI 4~*J fc^/l 

OlyjyJl jli U)U- LJU L*5*j ^y^lill ^yJI l4> ^y* *Ujijl 

jl» IJLij 4 L*U- i^-Jb ^*Vl y) jA 

jUjJI jJux* -W t j-bty j* {* J* 4 J H 5*iV 

/vu^i yr^i 

jliUsft OLiiai* (3^* ^ j jliU? JoLw* ^} j s i\ ^li 

(j Oy >-y A^Uall A-ilU jl y> jXv jl UU ijihi+jt iJbJA (j Ja»\ 

^y JJU jl jl S^lli \a o_U<? y L* £ 7 *^ «-Uao iilal* 

oJ> ^T r a. r ^ jl 4 Ja\Z£a -b _pJIl jj£fl jl 
(j 4 iS y»l 4j^>U ^ ; jiiLjl jl < ySof j . a^LaII ajU.1 ^ 

j^C jl UU : ^ul U * * j* Jf to ^ J P-b 

Cz^~ ^ i^WlI i^tll t iijA Lj^ XaJ) 

rrv 



4 • SiLill oilil y Li) Ujty- (,j Lot 

OlT tj|j . JU-I CJ^II (J o-ojjl Lk-l^j t ^tUJl jS ^yjl ja 
S^Ull Silll ^ ti)> LJUl tfyiJl >>j Wy ^1 Jl ^ 
li] Ifip jl*^1 jl LijiLl »JU JJUj il LjJ 

■ A fj> 

0* oJTj yX jXaJds jJJ\ LiiUl oVl cJJ\ OU jiil 
<jiW* (J* )^r. t/'WI j^l jJU Lj JiJ Kleim and Alfv£n 


. oXJj*- *- : m - y^ > ji Iji* jT V — ^ 

^*Lp t—- -j j i^lll y» l* T^tU; iiUJL* 0| — Y 

t <1~>0—• aJL^-^I) jjJUJl 4 jjL>- aJLjL* jL 1 yw» o Jj Jj»- ^ ---^ yjlji 

^ll jLlO Vi S-b-Li< J L*j I C*-P Lil_>a <JLj Lx * I Jo U 

. Tj~>-1 ^1 jZ f ijlaill J*\si i)yUJ ^JLJl aJjb t pXJl 

^yU LL^Joil o-ii '^.. s ia'i j£\ OU yt ^y U^/*j 

<1)1 Jj V j *Li)t y jjjT j-ii J,j j jL-^ LfcwU<i j 00 Li I yj U 
Ja**» y j)-^) j* Uaj iU»^/ U Jp^42/ 

jI>*aII u»«i IjU* £U-J*Vl i i*J> j| . *Li)l <Jus- ijA 

. x**1yj |1 1 j| L*i L&j y» \a jJS^L ialll 

<1)1 US’" . *jjw. jifl Lb* ^k)b <1)| 

^>)» pfit Sijdi J^ Jjiai jju jj w*iTj 

i iU^»jlj ^1 jl)l j««» <^L>- • j^oj j LUy»lil 

jir L^ij . j)j -«<»1 j ^IaJ»^|I J) iil^^lb 


TfA 



U jjZ .aL^jty lij L-i ^ •■** 

JJd\ </*> jdt u tuju 'VII- j £x I^U c v f T 

J^ut ^ ULi^j ^l( J- itj . vr j* jJU 

. jLS-Vl l-u J>-T ^ ^ Ui| . IJu ^ 

±) j Lj J j>- ^*t> L5~ . Lbifw «u» j U<? j^/l <LL*£ j} 

. <L#«f jj^Jt 


TM 




<_<fcS3l (f bj' i*M olnlhi«aU jiai 


: £jUl Acceleration 
jlAjalb *\y* 4P y jju Jjjw y*y 

p—>JI (j S^J jll iyi\ £ u—1£* ^jUI jl Jp yy Jj\y 
^jL^Ib ik^Ji *tu»- £• iyih t^jUJ j] . 4k£jb ( ta? »->Lli!t C-jIJ 

i—Jb Law ^UaAib j yCj j yy\y ie-i-Ujb iaii 
OIjLpY o-U iaJyj t iJUaJl ^-1 jll ^ 4 Pj«j£ 

^Lai-t (jj , U, ii'lUl JJV-b I^Uj SjIpJ -Up i-Swt^JJ 

y\yJ\ Jut-y U-UP jt A» V 0%JbcJl jli 

4 4 j ^JaJ — J '| £ jLlp'l/b *‘ Py-J 

UAL*5~jIc* ^Jp 4»lUl U-Upj. — Special Relativity - 

jt . p£jl <*Jiu JP »yl) ^-1*0 i, a yZmmA ji> Sjj-pu i 

. iyliJl 4-4^1 JP 

5 JJ* Arrow of time 

*—• y£p ^Ap If ^JLcJ abcl 

. y8$*1 »Ui >da-- <Jp Ol>-^11 jliilS’* i aJU Jjill 

J Elementary par-ticlej j l ii j/jb Baryon 
: I jMiVi * Big bang 

Jubj . jj£jl J yr^J 4/j^kJt 4>jkJl Jj «-U CJapI 

Tt 1 


tn«Y 



01 . 0j& ^jjksN j y.iJi 

kU^iJl oli If.’jS'' j* ^P J\ Jp Lc ^Ju 2j jliJl aJbl foj S^llt 

. *jl1I ^ Tus»- ju 

: ^ £Wi* Black body Radiation 

^ x*pj» *1pj kj*~* tyy* 0>L-l£*ib Jjs^ 

^pU* 5<1 jLt^t *i/ 0jl J ^ 4 OJ 1j? aJk» 

, cr *L*i«t Nj 

jil Ji dU^b atf i£jliJl £<*j!' 1-i* 01 

( quantum theory) 

: * jA\ Black Hole 

*—V*i ^ -hut (Jl A-ai O-ilf- ysj 

l—• J^b ^ *!■+ >£ 0t neutron star 

jjp JNJUi->NI L_>I - Criticalradius - jkiJi 

4—~-w <^i)l ji3' (JUdl JiJ-t ikL- j> Jai* jl M 

. -C- £WW J Jo j—iN*^j 

; jft»J jf dj*dt j^raJl Cep heid 

* > !>* jAJal' *!->■ j-ii* 0U1 >i j*j 

J*4 ^ y>UiJl 0UJJ1 £.‘^1 OUJJl ojU. j] . OUJIl IU jju* 

. ^js*JI Jju i^L^- ^ 0j*£Li)t jj-* Aaa il y^X\ ^(j* 

: ^/nUli Cosmological Principle 
j 0j£l' |Jp S-^L-^N »jdl ikii J1 U> ^lopt -ui 


TIT 



t ij y£$\ J*UJ! jS J»* JJlr oI oa ikS) it ot { y 
, ( iliOl u if oUif <ak;» ji* Uj>>t jJ U-i ) 

tail li a - Steady itate - oli)l iJli-l y.J^ p* oij 
i—jLiVb ^uH ij tail jji-T tju« (ij 

■ ^ J1j j-jll ot Ja JjU! tail Ji 

i arrow of time J>**f 4 a***Ij 5 jj-^» ikJy* *(^aLil #Oa 

y £—* *—*^ • jy+>. t j* tail <jt 

<jt <*1 p ^Ul toil jU So^lj iJLuil i)l>- 
. U ^a *Lill j ^.:„„l ) ot j^laJ 

: jr>l >» Juv Critical radiu* 
p— j* C~*j^ U lil aib i „,...;.) I i^kJl Loj 

• *-Jyv j) JjAA ^ vO-i J* jJjt ^lai i_0^a; Oli i t y*J> L* 
^U:-> ( - Schwartz Schild Sphere - Lit oLi ^"jUi 

L^JLa»- ^ jlyi)l Zj^oI j « jLM iit jt *■ 01 

Jejdl Lit j . ^ —wll <h£j Lj Ioa jil ^laall uti 

- Black hole - 

: Jij* JDoppler effect 
^ ij^oJl jt 4 y J » OU-^LI y 1 Jj jJtj 

U^P bob « Jr\i jJup »0^. Jhajl <*JDS <r^j • ^1 y* jt fOfet 

lO^A J . <0- IajUiiI ^aJ aOil «OA L jfu 

.Red Shift ^►lj. u ^uL> j\y jj 4«^l^r* • y? *_^Jl oli 


nr 




: L*j_£5 ijib j\ jfJ, i j,m iJ\A Eclip-tic 

* atjX V-Jl* <f jM jU J«i1 r ^l 

0L**Up Kj j* j£- bjfc ^kiU ^ jskJ) d)| ) . ^ 

* - i .N j j-Uj t)l * jit < j£j j i ,^**-1)1 

jL-* ^ *Lb lU^A J Jii w> J jiJI JJ j* (j J yiJt Um 

. J^Llt 4L>« cjJ^ JL* ^ j *{ t > jj k~jj 

: Elementery particle j : Electron 

.’ Elementary particle 

SaUJI ii_j^U aiLi^ll *UJI ^ki <^] jJLj j l* ky j 

-i_' fl JUt) . ^ akatt sJLa ^JpLSJ ^y> L* TaibJ jr^.J 

OtS a La «l jS y> <_jaJL7 Sji jT b jilt 1 JL*» JJljT ^ 

^ y~ j>Aj U- j y^JL» >■ j by j j~\ ^ ifrj* i>«-i 

j*p uL-> tjUU? ot jjJI A>-j Ji j j j y£b')l\ j* 

Jjil . oUjjSJl *x>-1jiJj a-£J itj>wi> 

L. i—^ Ljn _fttj jS^i L—• iitj^j L jkJ £J**- 

vl~»- quantum theory i—t ja* Special relativity 

p-jj- J& ot iS>■' OL-> J 5—i/kJt a-U I—-isJ 

,j i Oj i} -uJ&j *L^Jt sj <jjLw L--ar 
( j^-Ciiliait ^A tjlf Tjji» oi* tuS l%£* t SJl^l #«i* 

ijkJl j| , bj^tylj ^ jjf *kl fj* (J^-i ^ 

. jm> jdt Vf*A^ al^lt a*jJU* oL«> J j^-j t-k>* Lrf>UJt L~~Jt 




til ^ t dJLiJt i jJ> jUpL Ui^>-j ^ab 

<_4ui>- OLyfH ttOA d] . N ft iJ jt C>U..—-»J| o_U 

Ijaij . OU^jLj OUyjyJl Ji 1 o'j Jr 4 Oj ySty 

^ tu i*^*Ap oli Sillt jjf LjjA d^/ 

jV Xii J 34 * t j0>\ j*y\t OL-«*Jt aUA CJ15" ll j . JpU; 
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+AfiJ t Cstij £* w»b^y^jyi 

fcttA IIU-l i)jT pit> Steady state cosmology 
. Ju*j •djf’j if'tij* 

w»-ui U , L>^fi L^ Otf" £«dl *Uf <1>t)t» <j* j**, 
. j^-11 olil jX <U g>y j»<j 

Star : j ^'fj» White dwarf. 
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